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PREFACE. 



This Volume is partly based upon copyright material issued byj 
the Publishers in another form ; but by far the lar;ger portioQ 
new, and has been -WTitten expressly for the presenl work j while 
the -whole has lieeo brought into haniiony with the advanced 
state of science and mechanism as apphed to the chief means of 
locomotion and intercommunication. 



Sailieays and Railway Companies are not treated in detail, 
the number being far too great 5 but the chief features of the 
railway-system, as deyeloped in the net-worts which now inter- 
sect the principal countries of the world, are presented in a 
plain and succinct vizy. 

Stmmers, treated as the successora of, and supplements to^ 
tlie oM sailing-vessels, are described in their steps of advance^ 
ment towards the two grandest applications^Ocean JMaiTs and 
War Fleets j while due attention is given to the wonderfulfy 
rapid manucT in which the Paddle, the Screw^ and the Iron-clad 
have TevolutiomS'ed th^ navies of Europe and America, 

Teie^raphs—ih.^ electric system Eupersediug the oldraechanical 
semaphores— are tracked over the various lands of the earthy 
and then through the principal oceans and seas. A full account 
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is given of those marvellous submarine cables wnich now lie 
immersed two miles down in the bosom of the Atlantic, and 
which have had such an eventful ten-years' history. 

HaJf a century's ' Annals ' of Railways, Steamers, and Tele- 
graphs, separately^ present some of the leading facts under their 
proper dates in a convenient form. 

A full Alphabetical Index affords ready means of reference. 

GEORGE DODD. 
January 1867, 
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RAILWAYS. 



gl. ROADS AND VEHICLES BEFORE RAILWAYS. 

IT alrftosl necessarily results, from the very nattire oi the sub- 
ject, that roads and vehicles will undergo improvement 
simultaiieously. A good vehicle loses half its efficiency otJ a 
bad road ; a good road loses half its value if none but bad 
vehicles run upon it. Mea probably rode on horses and 
rrniles, asses and camels, elephants and dromedaries, before 
there were any vehicles at all. In mountainous countries, where 
roads can ivitli dlflicultj' be (constructed, tlie pack-saddle is otic 
of the most natural modes of transporting merchandise; while 
the sedan, the Utter. luid tlie palanquin suggest themselves to the 
traveller who is rich enough to consult his own ease. I'ossibly 
a sledge, fitted lo glide over grass, ilat ground, ice, or snow, was 
the first, as it was the simplest, form of carriage ; such sledges 
are still used for conveying wine-casks in some parts of Madeira; 
and even in London, a massive brewer's drayman, sitting lady- 
wise On a massive horse, may occasionally be seen draTving a 
cask of ale along the streets on a small sledge, Aa sledges will 
work smoothly only on certain kinds of surface, and as litter and 
sedan carriers arc rather costly appendages to travelling, there 
was an evident temptation to place a rounded log as a roller 
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under a sledge or flat vehicle, so pivqted as to roll along the 
ground while it rotated. It is almost certain that such rollers 
preceded actual wheels. Men of intelligence would soon per- 
ceive that the roller is not needed in its entire length, but only 
near the ends ; and hence two discs, two slices hom a rounded 
log, would suffice. Here we have at once the prirtciple of the 
wheel; indeed, such log-sUces are used as wheels to the present 
day in some of the" ruder districts ol" South America. Next, as 
logs are usually not bulky enough to yield large slices, and as 
wheels of large diameter are nevertheless suitable for easing 
draught, it was a natural improvement to build up wheels with 
separate pieces of wood, more or less strengtliened with iron. 
This invention of wheels was periiaps the greatest incentive 
towards the making of good roads. There were strong induce- 
ments so to improve the trackways that the wheel should not 
receive undue jarring, and should not sink into sofl; ground. A 
'notable adv^ince was made when four wheels were used : seeing 
that it permitted the use of a much larger vehicle than before, 
and the carrying of much tnore merchandise at one time- It 
was a refinement when traces and shafts were so managed that 
tivo Or more draught anlraafs could be employed either in file 
or abreast ; it was a refinement when the front wheels were made 
lower than the hinder pair, that they might turn on a pivot 
underneath the carnage, and thus enable the vehicle to wheel 
round shajp curves easily; and it was a further refinement when 
springs were introduced, to lessen the shock and jolting otherwise 
unavoidable. 

By what steps the roads improved, to render them worthy of 
the gradually-improved vehicles, it needs no very elaborate 
research to ascertain, An Indian path through those parts 
of America which are still in a rude state, or a narrow palh 
through an English corniield (from which the fanner would 
willingly exclude the public if he could)— this is the most primi- 
tive of all roads. The earliest British roads that we know 
aDything about were not regularfy made or engineered ; they 
were simply tracksj mostly following the highest ridges of land 
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from town to town, and marked out by the feet of the pedes- 
tnans. In the lapse of ages, many of these tracks were worn 
dawn far below tlie geaerai level of the ground. There is itill 
traceable one of these trackways or ridgeways in Burks and 
Wilts, ID some places deserted and unused, in others still 
adopted as country lanes. There were also fossways of more 
importance, forming the main roads ia various directions out of 
London, Portions of these old fossways are traceable On our 
mapsj under the names of Watiing Street, Ikenield Street, Enoin 
Street, and Verulam Street. The first of tliese names is still 
retained by that famous city thorongbfare which we now associate 
with far other thoughts than those of blue-painted and skin-clad 
Britons. 

But the RoDiaos were the most famous road-makers in the 
old days. Borrowing the idea of paved roads from tlie Cartha- 
ginianSf they set to work with that practical common sense which 
■characterised them, and constructed roads from their capital city 
10 every quarter of their mighty empire. With them the principal 
object was to have the roads straight and level ; they understood 
well the importance and advantage of facile means of tnmsit 
and communication, and with singular skill and boldness they 
pierced or excavaled lulls, built bridges and viaducts, and raised 
emhankmcnts, remarkable alike for their extent and their dura- 
bihty. In Italy alone there were several thousand miles of public 
highiv-ays ; of these, the ' Queen of Roads,' or ' Appian Way,' 142 
miles in length, is the most noteworthy. It was constructed by 
Appius Claudius 310 years before tJie birth of .Christ; and Pro- 
copins, writing in the sixth centiuy, says of it : ' To traverse the 
Ajjpian Way is a: distance of five days' journey for a good 
walker, and it leads from Rome to Captia ; its breaddi is such 
that two chariots may meet upon it ana pass each other without 
intenyption ; and its magnificence surpasses tiiat of all other 
roads. For con strutting this great work, Appius caused the 
materials to be fetched from a great distance, so as to have all 
the stones hard and of the nature of millstanes, such as are not 
iQ be found in this part of die country. Having ordered this 
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malierial to be smoothed and polished, the stones were cut in 
corresponding angles, so as to fit together in joinings without the 
mtervention of copper or aay otlier material to bind them, and 
in thts manner they were so firmly united, that in looking at 
them one would say they had not been put together by art, but ■ 
had grown so upon, the spot ; and notwithstanding the wear of 
so many ages — being traversed daily by a multitude of vehicles 
and all sorts of cattle — they still rema.in utimoved; nor can the M 
least trace of ruin qr waste be observed upon these stones, " 
neither do they appear to have lost any of their beautiful polish. 
Such is the Appiao Way." Much of this description remains 
true even at the present dayj and the road, after the lapse of 
more than aooo years, still presents an instructive model to the 
modern engineer. 

With the exception of the Roman highways, tlie public 
thoroughfares in ancient Britain scarcely deserved the name of 
roadd. Some of our old British and Roman roads accompany or 
cross e3ch other; and, iu some instances, the Romans adopted and 
improved into a road a track made by their predecessors. When 
the Saxons came, they found Roman ' military ' roads and British 
'country' roads; they improved a little on the latter, but never 
equalled the former. During many centuries, most of the roads 
were mere tracks across the country, patched with rude paving 
in the .softer places, aad 'very noisome and tedious to travel on, 
and dangerous to all pas.5eugers and carriages,' as declared in 
the act imposing statute labour for the repair of the highways 
in the reign of Mary. The labour when performed was capri- 
cious, not systematic : people mended such portions as traversed 
their farms or estates, and left the rest to take care of itself. A 
statute was passed in the reign of Henry VIIL, authorising 
parishes to raise rates for keeping their public ways in repair; 
but this was little attended to in country places. 

The first attempt at real improvement may be considered as 
dating from the passing of the first turnpike act in 1653, of 
which the preamble stated diat parts of the great north road 
leading to York and Scotland were ' very rai^noua and become 
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aJniost impassable, Lnsomiich that it is become veiy dangerous 
to all his majesty's liege people that pass that way.* In the reign 
of Charles 11. the taking of tolls was first established on a turn- 
|.i!ke-road leading from Hertfordshire to the counties of Hunt- 
ingdon and Cambridge. Many quarrellings, however, arose; 
and the military were sometimes called om to quell rioting on 
the part of those who disliked the innovation. So slow was the 
progress of improvemciic, that the raids throughout the country 
wcttf but Jittle changed for the belter during the next hundred 
years ; many became worse, and some which had been wide 
were narrowed by encroachments and neglect. According to 
Stow, wagons were in use on some roads for the conveyance 
of goods and passengers as early as 1541 ; but most of the 
traftic was carried on by means of packhorses, which, tethered 
together in long trains, made their way slowly and painfiilly 
along the causeways ;* and whoever ni-et them was obliged to 
step off into the mire on either side to get out of their way. 'The 
people of Kendal,' says Roger North, T/i-riring in 1676^ ' could 
MTJte to most trading towns and have iinswerg by the packs — for 
aH is horse-carriage — with return^, time being allowed, aa 
certain as by the post' In 1609, trj send a letter from York to 
CKford, and get back an answer, took a wiiole month; and even 
nfier the eatablishmeiit of the post in 1660, correspondence was 
but little expedited. The introduction of coache.'i, asserted a 
ivriter of the day, would ruin the countrj- ; the wagons mentioned 
by old Stow were advocated as ' travelling easily, widiout jolting 
men's bodies or hurrj'iiig them along,' which the obnoxious 
coaches did, at four miles an hour. Stage-coaches were also at 
first objected to Iiy many country towns, on the groimd that they 
would 'injure trade,' by enabling the metropolis to avail itself of 
a wider circle of supply and demand. In 1673, travellers were 
kept a week on the road between London and Exeter, the fare 
being 401. in summer and 45J. in wijiter; the same fare was 



* The word causcxvay or cmuty was first used by the Konnajis, who derived 
it /fOifl tltc Frencli ckaussle. r 
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charged from London tn Chester or York, Iq 1678 a six-horse 
coach took six days to perform the joumey from Edinburgh to 
Glasgow and back. At the end of the seventeenth century the ■ 
sQge-coach with six horses occupied tivo days in the journey ■ 
from London to Cambridge, 57 miles; and fifty years later 
the journey to Oxford consumed the same time. Travelling by 
night was first introduced about 1740, not without opposition 
from those who foreboded ruin in any departure from old 
piactlce. Hogarth's picture, * The Country Inn Yard,' brings 
before us the ordinary coach of the period. In 1750, the 'Alton 
and Faraham Machine' was started with a wicker-basket slui^ 
behind for the outside passetigers. It was not uncommon at 
that period for people whose business led them from the Scottish 
to the English metropolis to make their wills before starting. 
The journey was indeed a formidable one, as may be gathered 
from an advertisement in 'Cos Edinburgh Cmirant lax 175S, stating ■ 
thatr with God's pennission, the coach would 'g^o in ten days in ■ 
suRinierand twelve in vvinter.' In 1765, a 'flying-coach,' drawn by 
eight horseSf travelled from London to Dover in a day, fare 21s. 
Arthur Young's experiences during his 'Tour' in 1770 furnish 
conclusive evidence as to the condition of the roads at a still 
later date. He was travelling in Lancasihire, a COUJity now 
among those best furnished with railways, and says: 'I know 
not, in the whole range of language, terms sufficieotly expressive 
to describe tliis infernal road. To look over a map, and perceive 
that it is a princijral one, not only to some towns, but even 
whole counties, one would naturally conclude it to be at least 
decent \ but let me most seriously caution all travellers who may 
accidentally purpose to travel this terrible county lo avoid it as 
they would the devil, for a thousand tq one but they break their 
necks or their Itmbs by overthrows or breakings-down. Thq' 
will here meet with ruts, which I actually measured, four feet 
deep, and floating with mud, oniy from a wet summer — ^what, 
thereforCj must it be after a winter? The only mending it 
receives in places is the tumbling in some loose stones, which 
serve no other purpose but jolting a carriage in the most 
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intolerable manner. These are not merely opmioog, but facta ; for 
I actually passed three carts bioken down in these eighteen miles 
of execrable meinory.' This -was nql the only instance of bad 
roads that Young met with ; he came upon others further north, 
and denouQces them in language equally emphatic. 

Concerning goods traffic, carts were gradually brought inlo 
use; and these were supplemented by larger and more formid- 
able broad'Whcel wsgons, on such main rosds as were firm 
enough to bear the weight. 

On the eve of the nineteenth centurj- travelling was still slow. 
Mr Porter States, that he ' well remembers [eaving the town of 
Gosport(ia 1758) at one o'clock of the muming in the Td^raph^ 
then considered a fast coach, and arriving at the Golden Cross, 
Charing Cross, at eight in the evening; thus occupying nineteen 
hours in travelling eighty miles, being at tlie rate of rather marc 
than four miles an houi'.' 

The time, however, had come for a change; and Telford and 
Macadam, by their im[irovements in road-making, prepared the 
way for more rapid locomotion. The insurrections in Scotland 
in 1715 and 1745 led to the formation of numerous roads, which 
penetrated the wildest districts of the Highlands, extending 
altogedier to nearly 1000 miles in length. These injprovcniients 
were made by slow degrees. The tortuous ivindings, the steep 
ascents and descents, the stony ruggcdness of some roads, and the 
miry softness of others — all continued to a comparatively recent 
period- Telford was one of the first to insist lipon the fact that 
road-tnalcmg ought to be regarded as a wortliy part of the civil 
engineer's study. He pointed out whst ought to be the maxi- 
mum angle of incline, and advocated a system of gentle curves 
as a medium between straight lines and sharp turnings. He 
saw that the substance of a road should be solid, smooth, gently 
cianvex, and provided i-rith side-drains; and he spared no coat 
in bringing good stone to make the road solid. Thus real 
principles ofcotistmctlon were acted on, and the system of main- 
tenance developed which gave to us some of the best roads in 
the world. In 18 r5, Telford commenced that grand memorial of 
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his ability — the Holyhead Road ; a work that may safely bo con- 
trasted with the most famous highways of andtjuity, regard being 
had to smoothness of motion; and though no longer required 
for the service of the mail, its preservation will, we hope, be 
diligently cared for by those to whose chaise it is intnistcd. 
The establishment of this road effected an hnportant change in 
the comtriLmication with Ireland — as ive shall see in a later, page. 

Tlie prime object kept in view was to diminish friction, tt> 
render draught as easy as possible, and these desiderata were 
attaiDed. Macadsm, about iSi6, began to shew that to spread 
a layer of broken granite over the natural soil, properly prepared 
and levelled, was the best mode of forming a permanent and 
serviceable road; and hjs principles were actively reduced to 
practice in nearly all parts of the kingdom. He adopted a 
ma-ximum weight of about six ounces per fragmeut, and smoothly 
raked and made slightly convex the earth under the layer. His 
roads were far less costly than Telford's, because the latter 
engineer paved the substratum almost as carefully as the surface. 
Macadam occasionally employed scori.'E from ironworks, furnace 
ashes, burned clsy, and baked sandstone, but granite \vhenever 
he could obtain it. The impulse once given, further improve- 
ments were continually sought after, and die result was a system 
of highways, of hard granite roads, as near perfection as 
mechanical and engineering science could make them. In 
some places 'granite tracks' or 'stone tramways' were laid 
down, and wherever tried were conducive to facility of tnitisit. 
They had long been in use in the streets of Milan ; and 
on Dartmoor a stone trackway was laid for twenty miles, 
from the quarries to Plymoutli. A granite line was also laid 
from London towards the East India Docks along the Commer- 
cial Road; the Fordi and Clyde Canal Company made ttse of 
iron for a similar purpose, and slate was employed in other 
quarters; but there was no difference in the results. One horse on 
the level track could do as mucli work as four on a common road. 

The turnpike roads are now believed to be about 30,000 
miles in length; and the smaller or parisli roads, 120,000 miles. 
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These roads cost for their, maintenance no less than £^,$oo,Qoa 
in 185S ; and the amount is not likely to be less now, 

While these improvetnCnts in roads were being gradually 
L'ffected, a parallel series of improvements was observable in 
road vehicles. When Mr Palmer introduced mail-coairbes in 
1784, a commcBcetnent was made to that system of high speed 
which afterwards gave to English coaches a reputation quite 
unparalleled. Travelling by mail or stage-coach W3S prosecuted 
with such spirit and regularity as to make the roads a scene of 
■continued animation and excitement. la 1837 — nearly the end 
of the heyday of long stages — licences were granted to 3026 
stage-coaches, of which 1507 went to or from London^ besides 
103 naail-coaches. The number of passengers per year about 
the period in question has been estimated at !,ooo,ooa. The 
conveyance of these gave movement to a system of liatBc mi- 
equalled in any part of the world. In no other country was 
there such proniptitudej such celerity of transit; and in fine 
iveather there ii-as real enjoyment in sitting behind the four 
spirited horses, which, in their compact and well-kept harness, 
trotted along the roads at a speed varying from seven to ten 
miles an hour. Coachmen of the We]ler .school still live to tell 
ihe deeds of crack teams which exceeded even thisiipeed. For 
the leisurely traveller the top of a stage-coach presented advan- 
tages for viewing scenery which constitute no part of railway 
accommodation. There was time to discuss the merits of a niin 
or a landscape ; the appearance a.nd disappearance of one and 
the other were not then, as now. almost Himu3taneous ; and con- 
versation could be carried on with a chance of its being heard. 
Then there was variety in the road itself: now traversing a well- 
cultivated vale, curving in and out among pastures and corn- 
fields, at times pleasantly overshadowed by trees ; anon ris-ing 
uver a hill, descending into a valley, slcirting or crossing a 
running stream, penetrating at times the most picturesque parts 
of the landj going through — -not past-^towns and villages, where 
people ran to their doors and windows to see the vehicle speed 
by, and gazed after it with a feeling of pride as long as it 
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remained in view. The traveller then could make himself 
acquainted with much that was interesting along his line of route, 
and cany away a definite impression of the scenes which had 
passed before his eyes. 

But there were drawbacks : exposure to wet or iackmeat 
weather; the rapacity of innkeepers who purveyed for travellers; 
that of their servants ; and the fees to coachmen and guards, 
exercised and levied without compunction, and often with 
incivility, oppressive to all compelled to submit thereto, but more 
especially to persons of slender means. And furthermore, few 
working-men could afford to travel by stage-coach. The broad- 
wheeled wagon, creeping on at the snail's pace of three miles an 
hour, or the canal-boat, oftentimes as slow, was their only 
resource. "Tti either of these the journey from London to 
Manchester occupied a week : and yet, with all their tedium 
and misery, they were much more resorted to by respectable 
people of scanty means than is commonly known or believed in 
the present day. 

But what travelling was thirty years ago Is, and becomes 
more and more, matter of history. Except in little-frequented 
parts of the country, stage-coaches and wagons have nearly dis- 
appeared. Having superseded less perfect machinery^ they in 
turn were set aside by a power — Slearn — more in accordance 
with the alms and requiremeots of the age. 

Concerning merchandise traffic, the Pickfords, the Chaplins 
and Homes, 6:c., had done all that good roads and good canals 
could enable them to accomplish. Of course, a heavily-laden 
broad-wheel wagon cannot travel other than slowly; but still the 
Ifttroduction of various improvements In the construction of the 
vehicles, the devising new modes of packing and arranging, the 
collecting and delivery of merchandise, and the estabUshment of 
effective systems of booking and classifying — all tended to 
improve the wagon service. If it liad not dash and sparkle, 
like the QuicksUver and IligAflisr system of stage-coaching, it 
was at least solid and sturdy — like the broad-wheel wagons 
themselves. 
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§11. EARLY DAYS OF RAILWAYS, 



Who invented Railways? is a problem as impossible to solve 
definitely as the coaipanion problem — Who invented Steam 
Navigation? Many people did these things, each contributing 
his mite, and do one dreaming how grand the final result 
would one day be. ' Another reinartable thing,' said Rc^er 
North, writing to 1676, and referring to the neighbourhood 
of Newcastle-on-Tyne, ' is their ■way-ifaves j for when men 
have pieces of ground betT\'cen the colliery and the river they 
sell leave to lead coals over their ground j and so dear that the 
owner of a rood of ground will expect ;£'20 per annum for 
this leave. The manner of the carriage is by laying rails of 
timber from the tolliery down to the river exactly straight and 
parallel; and bulky carts are made with four rowlets fitting 
these rails, whereby the carriage is so easy that one horse will 
draw down four or five chaldron of coal, snd is an immense 
benefit to the coal -march ants.' This account, as is obvious, 
refers to a mode of transport already established, and certainly 
involving the main principle of a railway — the laying do^wn of 
smooth surfaces on which the wheels may run. Even if they had 
existed only ten years before Roger North wrote, such tramways 
would now be two centuries old. In 1738, a tramway was laid 
down from Cockenzie to the coal-pits of Traaent, across the 
ground on which, sotue years later, die Highlanders put General 
Cope to^ flig;hc, and won the famous battle of Prestonpans. A 
portion of the line, which may still be traced, was selected as a 
position for the English cannon. About the same time iron 

• trams were laid down at the Whitehaven collieries. The practice 
had been, as described by North, to make the rails of wood, and 
fix them parallel on cross-pieces called sleepers, embedded in 
■ the earth. Thin plates of iron were sometinies nailed on to pro- 

H tecl those parts most exposed to wear — a precaution which could 
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scarcely have failed to suggest the idea of rails made entirely of 
iron. These were first introduced at Coalbrookdale in [767, 
where, in order to keep the furnaces at work during a slack 
season, a number of bars five feet long, four inches wide, and 
one and a half inch thick, were cast to be used as rails instead 
of wood, with the intentioQ of takitiig them up for sale in case of 
a sudden demand. All these early railways were used for 
vehicles the wheela of which had flanges, to prevent them from 
running off the line ; they were small wagons, carrying" two or 
three tons of coal, and drawn by one horse each. 

Th-e difficulty of keeping the wheels from shpping off was 
urged as an objection against the use of these rails, and obviated 
some years afterwards, in ijjfi — ^at a collieiy belonging to th-e 
Duke of NoTfolt near Sheffield — by casting rails with an upright 
flange or guide at one side. These being nailed to wooden 
sleepers, or, as subsequently (i7t>3), to blocks of stone, the two 
flanges kept the wheels in place, and kept the wagons from 
running otf the track. The form, however, presented certain 
inconveniences: dirt accumulated in the angle, and 'edge rails* 
were substituted, which, with modifications, have ever since 
remained in use. Those laid down at TvOrd PenrhjTi's slate 
quarries in iBor were o%'al in form, with the narrow edge 
upwards, in lengths of four and a half feet, and kept in place by 
a solid dovetail block cast on the lower edge, and fitted into an 
iron sleeper underneath. A flange on either side of the tire 
prevented any deviation of the wheels. The saving of power ■ 
was such that two horses regularly drew a train of twenty-four ■ 
wagons, each containing about a ton ; and ten horses were found 
sufficient to conduct a traffic which had, on a conmion road, 
required 400, 

Another fomi of rail, in section resembling a J, came into use 
in the northern mining districts. The descending portion was 
cast mth a gradual sweep — technically 'fish-bellied'— from end 
to end, to give strength between the b&arings. Witli this was 
first used the ' chair '^a supporter made of cast-iron, which^ 
being fixed to the sleepers, received and held each lap-joint of] 
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the rails. The wheels were kept from running off by a flange 
on the inner edge of the tire, while the shape of the rail was 
such as to prevent any lodgment of dirt on the surface. But in 
all these rails there was one essential defect — their liability lo 
break ; a defect that still remained, notwithstanding the attempts 
to overcome it by increasing the weight of the casting; and a 
fatal one, had wrought-imn not been available. Rails of this 
material were laid down in iSoS, but proved imsuitable, owing 
to their square fonu, the only one in which they could the]i be 
manufactured; and it was not until 1S20, when Mr Birken^^haw 
produced irails by a process of rolling — a species of wire-drawing 
on a stupendous scale — that the difficulty was overcome. Since 
then the texture of rails has been as remarkable for toughness 
and elasticity as it was forroerly fur rigidity and brittleness. 

Gradually iron roads grew into use in coal-fields and the 
mineral districts ; and by the close of the tenth year of the 
present century there were more than 150 miles in SouUi 
Wales, The first attempt to take a systematic commercial view 
of their utility wa-s made in 1800, by Dr James Anderson, 
in his Rfcrfations in Agriailture. He proposed to construct 
railways by the side of the turnpike-roads, so as to follow the 
ordinary levels 3nd liijcs of traffic ; to commence with the high- 
way from London to Badi- Where the road ascended a liill, the 
level was to be sought by going round its base, constructing 1% 
viaduct or piercing a tunnel ; and so carefully were these contin- 
gencies discussed, that, with the exception of horses being tlie 
moving power, the doctor's plans and ajguments might be almost 
literally adopted in a railway prospectus of the present day. 
One point particularly insisted on was, that the lines should be 
managed by government Commissioners, not by companies, who 
would unite monopoly with speculation ; and should ' be kept 
open and patent to all alike who shall choose to employ them, 
as the king's highway, under such regulations as it sliall be found 
necessary to subject them by law.' No immediate result followed 
the publication of these views; no one had then thought of 
railways independent of other thoroughfares; and to border the 
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latter by iron routes was a scheme too impracticable to he 
entertained. Two years later, in March iSoz, a communicatioQ 
from Mr R. L. Edgeworth appeared in Nkhohoris Journal, 
calling attention to the same subject To quote the writer's 
words, he had many years before ' formed the project of laying 
iron railways for baggage-wagons on the great roads of England;' 
but having been met by numerous and powerfal objections^ he 
had deapsiifed of success. Among tliese was u^^ed the firat cost, 
and ilie continual charge for repairs. To obviate the latter, he 
proposed, instead of an enonnous load in one car, to divide the 
burden among several smaller cars, ■whereby the wear of the rails 
would be materially diminished. Models of these cars had 
been presented to the Society of /Arts, and tlieir inventor 
rewarded with a gold medal. He afterwards made four other 
carriages, with cast-iron wheels working on friction rollers, and 
used them for some time on a wooden railway to convey lime for 
agricultural purposes. To test the merits of his plan, Edgeworth 
suggested that four lines of railway might be laid on ten or twelve 
miles of one of the great roads leading from the metropolis. The 
rails were to be made hollow from the bottom upwards, for 
strength and to save expense ; broad at bottom, and rounded at 
the top, to prevent the lodgment of dirt and dust; and fixed to 
sleepers of stone, so that their upper surface should stand about 
four inches above the road. On these should run light wagons, 
each containing not more than one ton and a half weight. The 
t^vo inner tracks were to be for goods, the two outer ones for 
passenger-carriages, to travel in either direction, and when they 
met, turn off by sidings to the wagon-ways. To obviate all diffi- 
culty with respect to the wheels of public or private vehicles, 
they were to be placed on ' cradles or platforms,' fitted and con- 
stmcted to run on the rails. The horses that brought the 
carriage would drag it on to the cradle^ or truck, as it would now 
be called, and, descending at the opposite end, draw it along the 
line — B.tage<oaches, six miles an hour, with one horse; hackney- 
coaches, eight miles ; and with the greatest ease and safety, by 
night as well as by day. HiUs were to be avoided by making a 
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circuit ; but a perfect level was not absolutely insisted on : no 

insurmountable objection existed to ' a rise of one foot in ten/ 
Auother part of the plan was the employment of steam-power 
with stationary engines, with which it would be ' not impossible, 
by slight circulating chains, like those of a jack running upon 
rollers, to communicate motion between small steam-engines, 
placed at a considerable distance from each other; to these 
chains carriages might be connected at will, and, when necessary, 
they might instantaneously be detached.' 

There is yet another name connected with the development of 
Qur railway system which must not be passed over — that of Thomas 
Gray, a native of Leeds. He was in Belgium in 1816, when, 
hearing that a canal had been projected to connect the coal-field 
of that countfy with the frontier of Holland, he very earnestly 
recominended to Mr Cockeritl, with whom hu was acquainted, 
the making qf a railway instead. His mind had beeti for some 
time directed to the subject; and in iSiS he shewed to his 
friends manuscnpt Obsirvaiiens ern a Rmlread for the wholt ef 
Europe, and soon after returned to England for the purpose of 
making his schemes public. In T820, he published Observations 
on a General Iron Railway, or Land Steam Conveyance, (0 Super- 
sede the Necessity s>f Horses in all Public Vekidfs : shewing its vait 
Suptrioriiy in every Respect ffi-er the present Pitiful Methods of 
Ctmveyancc by Tumpikf R^ads and Cabals. In this work, amOng 
advantages to result from the new system, Gray shewed that fish, 
vegetables, agricultural and other perishable produce, might be 
rapidly carried from plnce to place ; that two post deliveries in 
the day would be feasible ; and that insurance companies would 
be ab!e to promote their own interests by keeping railway fire- 
engines, ready to be transported to the scene of a conflagration 
at a moment's warning. The cost of construction Gray calcul- 
ated at j£i 2,000 a mile. He was decidedly in favour of direct 
hnes by the shortest course. His plan included a trunlc-line 
straight froin London to Plymouth and Falmouth, minor lines to 
Portsmoudi, Bristol, Dover, and Harwich, with an offset from the 
latter to Norwich ; a Inink-Hne also from London to Birmingham 
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and Holyhead, another to Ediiit)Ui;gh by Notlingham and Leeds, 
and secondary Hnes from Liverpool to Scarborough, from Bic- 
mingham to Norwich ; in short, his system, remarkable for \\% 
simplicity, comprehended all the important towns of the king- 
dom, and in many respects is preferable to that which now pre- 
vails. His plan for Ireland had a grand trimk-line from Dublin 
to Deny, another to Kinsale, and by lesser lines ramifying from 
these he connected all the chief towns of the island with the 
capital. 

Whatever effect Giay's persevering labours may have had in 
directing attention to the subject of railways, in suggesting views 
to others, he himself gained neither reward nor honour. His 
late years were passed in obscurity as a dealer in glass on com- 
mission at Exeter, in which city he died in October 1S4S, at the 
age of sixty-one. The name and services of such a man ought 
not to be forgotten. 

The foregoing paragraphs embody interesting evidence of the 
germination of ideas and the gro'ivth of intelligence : the time 
was coming for maturer aimii and increased powers of realising 
^em. 

The first authorisation of a railway by act of parliament is sard 
to have been that of the Surrey Railway — an iron track laid from 
Merstham to Wandsworth in 1801 ; and of a short line from 
Cheltenham to Gloucester. Both have since become adjuncts 
or porrions of other and grander lines. Slowly the number in- 
creased, Until the new railways sanctioned by special acts of 
parliament became 5 in 1S05, 10 in iSits, 16 in 1815, 20 in 
1820, and 32 in jSa^, 

In September 1825 a railway was opened which gave a most 
important impulKe to the system. This was the Stockton and 
Darlington, leading from the mines near Darlington to the wharfs 
on the Tees at Stockton — the whole distance about twenty miles 
— for the transport of coal. At first the wagons were drawn by 
horses ; and such was the effect of easy carriage, tliat the price 
of coal at Stockton fell from iSf. to Zs. 6ci per ton ; lead was 
Ciktried from the interior to the &hips at greatly reduced rates ; 
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a brisk trade in lime spmag up which had not before 
existed. Shonly after the opening, two coaches were placed on 
the line for the conveyance of passengers.— large, roomy vehicles, 
to cany twenty-six persons as a. regular load, and in extraor- 
dinary cases half as many more, an addition which in no way 
interfered with the speed of the journey. They had no fiprings, 
and were intended to run backwards or fonvarda without being 
turned. A block of wood made to press against the tire of the 
wheels by means of an irgn lever within reach of the driver 
enabled him to check the motion or stop suddenly when required. 
Ten miles an hour was the usual speed, and seeroed scarcely to 
require an effort from the single horse that drew the load, so 
seldom was there any strain on the traces j and the smootfi and 
equable motion of the- coach was a coiistant theme of congratu- 
lation among the passengers. The line originally consisted of 
but a single pair of rails, with sidings at frequent intervals, at 
which vehicles or coal-trains passed each other. The fare from 
Stockton to Darlington— twelve miles— was 2s. for the inside 
ajad half that sum for the outside. Traffic became so lively 
between the two towns, owing to the facility of transit, that in 
the first year die proprietors returned ^500. ' An ititercourse," 
as was said, 'and trade seemed to arise out of tiothing, and no Ofie 
knew how ; and altogether the circumstance of bustle and 
activity which appeared along the line, mth crowds of passengers 
going and rettiming, formed a matter of stirprise to the whole 
neighbourhood.' 

The years 1S25 and iSaS mark one of those periods in history 
when ihe speculative mania, always present in a commercial 
communit}', and more or less active, suddenly bursts into deli- 
rium : projects, however visionary, were eagerly taken up ;; shares 
in idea! mines were bought and sold with marvellous celerity; 
and thousands became dupes of their own folly or tliirst for gain. 
Everything was to be done by steam : by means of coal-gas, 
people were ' to ride among the clouds at the rate of forty miles 
an hour, and whirl along a tumpike-road at the rate of twelve 
miles an hour, having relays, at every fifteen miles, of bottled gas 
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instead of relays of horses." A wTityr of the day remarks : 'This 
nondescript gas-breathing atlcmal, something of the velocipede 
family, is intended to crawl over the ground by protntding from 
behind it six or eight legs on either side in alternate succession.* 
And referring to the numerous schemes then put forward for 
railways, he continues : ' Nothing now i& heard of but railroads ; 
tlie daily papers teem with notices of new lints of them in. every 
direction, and pamphlets and paragraphs are thrown before the 
public eye, recommending nothing short of making them general 
throughout the kingdom.' Alt the great to-sms of the north were 
to be connected by railways; Liverpool with Birmingham, Bir- 
raingham with London, London with Dover, The ironmasters 
— trade being slack, and having an eye to business — had the 
credit of fostering the speculative spirit ft>r their own interests. 
' All physical obsimctions/ as Telford said, ' were forgotten or 
overlooked amid the splendour of the gigantic undertakings.' 

Real enterprise was, however, steadily pursuing its aim amid 
all the excitement Application had been made to parliament 
for leave to lay down a railway from Liverpool to Manchester — 
a work then become indispensable to those t^vo increasing and 
important towns. At that periofl, and for some time afterwards, 
canal-boats and slow, heavy road-wagons were the only available 
m«ans for the transport of heavy goods Or bulky merchandise. 
The chaise for conveyance from London to Yorkshire amounted 
frequently to ^13 per ton, and even at this high cost the service 
was very imperfect Beneficial as canals had proved, they were 
becoming inadequate to the growing requirements of trade. 
Besides the road there were two canals for the traffic between 
Liverpool and Manchester, the distance by the latler 55 miles, 
and the carriage of goods in some instances £,1 per ton. Man- 
chester was SQ entirely dependent on Liverpool for supplies of 
raw material, and the saving of time in transport so much aji 
object, tliat any measure for an additional route was more a 
■necessity than a speculation. It was notorious that goods were 
frequently conveyed from Liverpool to New York in less time 
than to Manchester. To make a third canal was impossible, as 
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the district afforded no more water than sufficed for the two 
already existing. A thousand tons of merchandise were sent 
daily between the two towns, and produced a yearly revenue oi 
j^2oo,ooo to the carriers. On one of the <:ana!3 the profits were 
so great, that die proprietors received the amount of their original 
outlay every alternate year. Reasonable compliance with Ibeir 
wishes would have satisfied the merchants, who sought only to 
secure prompt and certain means of transport, not to depreciate 
cajial property. Failing in their object, a railway, which had 
from time to time been talked aboEilj was again discussed. The 
' Liverpool and Manchester Railway Company ' was formed, and 
their prospectus issued in 1824. In the following year the bill 
cajiie before parliament, and tJiere encountered all the opposition 
whtcii selfishness could invent or ignorance employ, as may be 
seen in the partiamentary records of the session. The bill, 
however, was successfully carried in i3a6. 

Some years before, the Duke of Bridgewater, on hearing the 
remark : 'You must be making handsomely out of your canals,' 
replied, somewhat chafed : ' O yes — they will last my time ; but 
I don't like the look of these tram-roads: there's mischief in 
them.' The mischief— if such it was — was about to be realised. 
The duke's agent was conferred with on the subject of the rail- 
way, and an offer made him of shares, which he met by the 
churlish answer; 'Ail or none.' To us in the present day it 
may not be uninstructive to consider some of the forms under 
which the spirit of opposition strove to effect its purpose. Canal 
proprietors were among the first to bestir themselves : they con- 
sulted Telford ' as to the most advisable manner of protecting 
their property;' and the enlargement and extension of the Bir- 
mingham and Liverpool, and the Ellesmere canals, were re- 
commended by the eminent engineer as a preliminary measure. 
The legblature even was not ej;em[>t from incredulity, to choose a 
mild term. Geoi^e Stephenson's assertion, during his examination 
before a committee of the House, that it would not be difficult 
to make a locomotive [ravel 15 01 20 miles an hour, provoked 
one of the members to reply that the engineer could only be fit 
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for a lunatic asylum. If the opposition were to be believed, the 
laying dovm of a railway would inevitably reduce the value of 
land through which it passed, and landholders, by gradqal 
though sure decline, be brought to the verge of ruin. As a ^ 
million horses would be thrown out of service, no one of course ■ 
would care about keeping up the breed ; and not only were good 
boises to become as mre as peacocks, but the 8,000,000 acres of 
laud that produced the oats were to return to a state of nature. 
hQitarUrfy Heviewer wioXs : 'As to those persons who speculate 
on tnaiing railways general throughout the kingdom, and super- 
seding all the canale^ al! the wagons, mail and stage coaches, 
post-chaises, and, in short, every other mode of conveyance by 
land and by water, we deem them and their visionary schemes 
unworthy of notice. The gross exaggerations of the powers of 
the locomotive steam-engine, or, to speak in plain English, the 
skam-carrmge, may delude for a time, but must end in the morti- 
fication of those concerned.' 

Parliamentary sanction once obtained^ the Liverpool and] 
Manchester Railway Company set to work upon their novel ami 
important undertaking — novel, inasmuch as its scheme and mag- 
nitude exceeded all that had been previously attempted of] 
a similar nature. Stephenson, who had already won a reputa- 
tion, was appointed engineer; and a chief point determined on'l 
wastliat the line should be as nearly as possible straight between 
the two towns. In the carrj-ing out of t\n% design etjgineeriiig 
difficulties were encountered, the overcoming of which called 
forth a vast amount of scientific knowledge, invention, ingenuity,^^ 
and mechanical hardihood. Hills were to be pierced or cut^B 
through, embankments raised, viaducts built, and four miles of ~ 
watety and spongy bog converted into a hardetied road. The 
drainage and solidification of this bog— or Chat Moss, its local- ■ 
name— were among the first operations. It was too soft to be 
walked on with safety, and in some places an iron rod laid on 
the surface would sink by its own weight. An embankment 
zo feet in height was commenced, and had been carried some 
distance across the treacherous soil, when the whole sank down 
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and disappeared; and not until many thousand tons of earth had 
been deposited and swallowed up was a secure foundation 
obtained. At the softest part, known as the ' flow-moss,* hurdles 
thickly interwoven with heath were laid downj and upon these 
the earth and gravel for the permanent way. The successful 
formation of this part of the line was looked upon at the time as. 
no unworthy triumph over physical obstacles. It was but the 
precur$gr of still greater enterprises. Other great works were 
the tunnels under Liverpool, forming direct passages to the docks 
and the passenger station. No less than G3 bridges were built 
at different parts of the line, most of them of sttine and brick; 
ca.p3.cioiis tunnels were excavated, and cuttings through eleva- 
tions, out of which were taken mote than 3,000,000 cubic yards 
of earth, stone, and gravel. These materials were used in the 
formation of embankments, for bridges, and other masonry. The 
double line of rails weighed 3847 tons, and the chairs which held 
them in place 14.2S tons. The total cost amounted to ;i^82o,ooo 
— four times as much as had been estimated. 

During the execution of the works a question of considerable 
importance had to be decided ; whether horses, stationary steam- 
engines, or locomotives, should be the tractive power. The 
first two, however, were soon set aside; and early in 1829, 
when tht works of the railway were well advanced, the directors 
advertised a prize of ^£"500 for the best locomotive engine. 
The stipulations were, that it should draw at least three times- 
its Own weight— the latter limited to six tons^-and be supported 
on springs, ajid not exceed fifteen feet in height; that it should 
be worked at a maximum pressure of fifty pounds to the inch^ 
-make no smoke, and travel, with its loadj not less than ten 
miles an hour. The appearance of the advertisement elicited 
alresK the shafts of ridicule, as well as the strictures of practical 
men. Mr Nicholas Wood, in his Treatm on Itaiiraadi, says: 
' It is far from my purpose to promulgate to the world that the 
ridiculous expectations, or rather profession.-!, of the enthusiastic 

, specfllatist, will be realised, or that we shall see engines travelling 

^ft at the rate of 12, 16, iS, or 20 miles an hour.' 
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^ III. EARLY DAYS OF THE LOCOMOTIVE. 

What had been known of steam-lacomorion or steam-carnages 
up to this period ? 

Ex.cepling' the machines made for Kanghi — to be hereafter 
mentioned — Leupoldl's appears to have been the earUest steam- 
engine applicable to locomotive purposes ; but the first practical 
idea of applying steam-power to -wheeled carriages is due to Dr 
Robison, by whom it was commuoicated to Watt in 1 759. Some 
time afterwards the latter made a model of a high-pressure 
locomotive, and described its principle in his fourth patent ia 
1784, wliich, among certain improveinents, specified ' a portable 
steam-eDgine, aod machineiy for moving wheel-carriages.' Watt, 
however, had doubt* as to the safety of his machine, and men- 
tioned the subject to one of his friends, Miudoch, who, three 
years afterwardSj constructed a model of a locomotive which 
proved the correctness of the previous calculations. This engine 
was made in 17S7, and was employed in that year to drive a 
small wagon round a room at his house at Redruth, in Cornwall, 
Among those who saw it was Richard Trevethick, who, in 1802, 
took out a patent for a similar invention. Singularly enough, a 
similar mode] was exhibited the same year at the opposite end 
of the kingdom, when Symington's locomotive was shewn in the 
house of Mr Gilbert Measom at Edinburgh. He puis.ued the 
experiraentj and in 1795 worked a steam-engine on a line of 
turnpike-road ia Lanarkshire and tlie adjoining county. Then 
followed ihat by Trevethick and Vivian in 1802, which ran. on 
the Merdiyr tramway, and drew a load of ten tons at the rate of 
five miles an hour. Slight ridges were Jeft in the edge of the 
wheels and on Uie trams, to prevent their slipping round, and to 
insure a fortt'ard movement. That without this precaotion there 
could be no adhesion or advance was an idea tJial long pre- 
vailed. Trevethickj who was a man of great ability, and one 
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to whom steam-locomorioti is much indebted, afterw£Lrds made 
a carriage to nin on common roads which combined several 
of the arraDgements row in use. The firtplace was sxwrounded 
by water, and die waste steam blovm off through the smoke- 
pipe to produce a drauglit ; the cylinder was placed inside the 
boiler for economy of heat ; and the fore-wheels were made 
to turn by cranks connected with the piston-rod; but with one 
cylinder only the motion was very irregular, This engine; 
was exhibited on one of the roads in Lambeth in i8o6,i 
without, however, exciting more than a temporary interest. 
Tbree years previoiisjy another locomotive by Trevcthick bad 
blown up — an accident which created bo much dread of high- 
pressure steam-cairiages tliat a feeling of alarm arose respecting 
their use. 

Blenkinsop, of Middleton Colliery, neat Leeds, constructed a 
locomotive in 1811, the wheels of wliich were cogged and ran on 
toothed rails; a noisy contrivance, intended to overcome the 
tmagioary difficulty — Waiit of bite — but effectually preventing 
rapid motion by its enormous friction. The engine had two 
cylinders, and so far was an improv^ement on tliose which pre- 
ceded it, and laboured along at five miles an hour. The Messrs 
Chapman came nextwith aoewplan: a cbain stretched from one 
end to the other along the middle of a tramway was passed once 
round a wheel fixed beneath the carriage ; and this wheel being 
made to revolve by the action of machinery, its bite on the 
chain caused the whole to move forwards. This method involved 
so great an amount of friction that it was abandoned almost as 
soon as tried. Bnlnton followed in 1S13 with mechanical legs 
and feet attached to the rear of his engine, intended by iheir 
alternate walking motioii to propel it continually onwards, and 
prevent llie slipping of die wheels on the rails. Considerable 
ingenuity was displayed in this contrivance, which performed 
well, and in certain cases might be employed witli advantage, 
but was not well adapted to locomotive propulsion. The diffi- 
culty against which it was especially applied was soon proved to 
have no existence. Daring the same year Elackett repeated 
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Trevetbick's experiments at Wykm, in Northumberland ; and the , 
fact was satisfactorily demonstrated that, in ordinary circuin-| 
stances, and with dean rails, the adhesion between the wheel 
and the rail was sufScient to cause a progressive motion. It 
would have been proved long before had the engines and tram- I 
pla.tes been heavier: both were toohght; and the slipping so- 
much coroplained of had been an accidental, not a necessary- 
consequence. 

Meantime, George Stephenson was busy at Killingworth 
making and testing tocornotives. In 1814 he verified the 
experiments of odier inventors, and went beyond them all in 
the perfection and performance of his machinery. He took 
out patents in the two following years for engines that, with 
a. load of 30 tons, and on smooth rails^ would travel 5 miles ^ 
an hour, and 10 roiles without a load. No better result at ■ 
that time was looked for. The possibility of transporting 
heavy goods with facility at a slow pace having been demon- 
strated, all that remained was to make it available. These 
locomotives were employed on the Stockton and Darlington 
Railway in 1S36 for coal transport, in addition to the horses. 
It was no uncommon sight to see one of these engines 
drawing behind it a train of loaded wagons, weighing 92 
tons, at the rate of g miles an hour. In those days steam- 
whistles had not yet come into use; and the firemen, to give 
notice of their approach after nightfall, threw up high into the 
air, from time to time, a. shovelful of red-hot cinders, which could 
be seen at a considerable distance by those moving in the oppo- 
site direction. Without a toad the speed of the engines was not 
imfrequently 15 miles an hour — a most exhilarating rate of 
travelhng, which at that period was regarded as little less than. 
marvellous.* 



■* It may be intcT-esting, in connection with the history an-d proceedings of 
the Stoeklon and Darlington Company, lo insert a few particulars concerning 
a railway veteran who has lately been taken from Ihc active scene of labouri 
aad who was perhaps llic lost surviror of the veritable pi'on.ecrs of railways 
va,^ Jowinotives. This was Jotn DUon of DBrlington, who iJied loih 
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Before the Liverpool and Manchester Company advertised 

October 1865. He was th« oldest railway engineer of his day, bavifig been 

lie resident engineer of tlie Stoclttoti and DitrliiiglQii Railway under Ccoi^e 
Slepbenson ; and it is singular that after execullng various railways indilTcrent 
parts of (he !cingi3oni, Mr Uiion should relurn lo end his days as consnliing j 
engineet to the aame company, in whose service he died, ilb fallier was ■ 
OoUiery owner as well as a land- survey oc and colliery engineer; and from 
him he received that sound practical knowledge wliich was of especial service 
to him in after-life. When Georee Stephenson was consulted as to the con- 
struction of the Stockton and Darlington Railway, Mr Diiioti was engaged 
to shew him certain plans and levels in his possession, and to accompany hjm 
in examining the district ; a strong friendship then sprang up between them 
which lasted through X\it. During the conitmction of ihat line, llr OLxon 
remained at Darlitigtan as lesident cn^neer ; and it was during this period 
that die iate Robert Stephenson, received from him hiG first iostruclion in 
taking levels and surveys, and in setting out railway wofts. Ditton. was 
George Stephenson's resident engineer on the Canterbury and WhitstabJe 
Railway, on which was constructed the first railway tunnel, lie was resident 
engineer at the Manchester end of the Livcipaol and Manchester Railway ; 
and remained for some years aftta' its c&mpIeUon in charge of the maintenance 
of way and works, and of the locomotives. After consint cling the Binning- 
Lam and Derby, the Chester a^nd Biikeohead, and the Carlisle and Wluleliaven 
Railways, he returned to Darlington in 1845, where he remainetl till his death. 
Mr Dixon might, perhaps, liave attained higher eminence, and have been 
more piihlicly known, had he been a man of more ambilioit j hut his retiring 
nature led him at all times to stiun publicity. 

In further connection wilh this same liistoricaUy-mterestiiiE railway, we 
may advert to a pleasant ceremony which took place in 1857. TheCompany 
titil] possessed its 'No. t ' locomotive, a piece of mechanism odd enough to 
look at in these advanced days, but regarded as a n-ondeTful thing in 1845, 
Thu original chairman of the Company (Hfr Ed\V4r(l Peaae), the original 
engineer (Mr Dixon), and the original engine-driver {Robert Mnrrough], all 
were still living at Darlington, and all took part in the ceremony, ivhieh con- 
sisted in laying the foundatitjn -stone of a pedestal on which the locomotive 
was to be placed. The engint, built by George Stephenson, had only one 
fliie or iTibe through the boiler ; and from one end Ihc heated air travelled 
direct to the chicmey at the other, the heat being so Lmiicrrccliy abstracted 
by the water that the chimney sometimes became red-hoL The cyiindera 
were placed perpendicularly, and all the working appaialas above the boUer; 
the weight of the engine was about eight tons, ami its speed such that a race 
actually came off between it and a horsed coadi, the result of which was for 
some time regarded as highly problematical. 
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their prize of ;^5oo, they sent a deputation to Killingworth. 
to witness the working of the locomotives, with a view to the 
employment of a similar power on the line then in progress. 
Although the rails were not laid with precision, the deputa- 
tion found that the locomotives had been tept at work with 
much r^Tularity, drawing heavily-laden trains of wagons from 
tiie coaJ-piEs to the ships in the Tyne, They reported in 
favour of locomotive power, 3ad in accordance with their 
decision the advenisemenls appeared. The Sth of October 
1839 was fixed for the trial, and on the appointed day three 
engines were brought forward to compete for the prize : a 00m- 
petition which involved much more than the winning of j^Soo. 
Stephenson, was there with his Rocket, Hackworth with the Sam- 
pareil, and Braithwaite and Ericsson with the Novelty. The 
test as&igned was to run a distance of 30 miles at not less 
than 10 miles an horn-, backwards and forwards along a two- 
mile level near Rainhill, with a load three times tlie weight of 
the engine. The Nmidty, after running twice along the level, 
was disabled by failtire of the boiler-plates, and withdrawti. The 
Sanspareil traversed eight times at a speed of nearly 15 miles an 
hour, when it was stopped by derangement of the rnachinery. 
The Roiket was the only one to stand tlie test and satisfy the 
' conditions. This engine tiavelled over the stipiilated 30 miles 
in two hours and seven minutes nearly, with a Speed at times of 
ag miles an hour, and at the slowest nearly 12; in tlie latter case 
exceeding the advertised maximum, in the foimer tripliiig it. 
Here was a result! An achievement so surprising, so unexpected, 
as to be almost incredible. Was it not a delusion ? — had it been 
really accomplished? — ^and could it be done again? 

The prize of ^£500 was at once awarded to the maters of the 
Rockci. Their engine was not only remarkable for its speed, but 
also for the contrivances by which that speed was attained. 
Most important among tliem was tlie introduction of tubes 
passing from end to end of the boiler, by means oF which so 
great an additional surface was exposed to the radiant heat 
of the £re that steam was geaerattjd much more rapidly, axid 
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a higher teraperature maintained at a smaller expenditure of 
fuel than usual. The tubular boiler was indeed the grand fact 
of the CYperiment Without tubes steam could never have I;ieen 
produced with the rapidity and heat essential to quick !ocomo- 
tioD. In more senses than one the trial of tlie three IcKomotives 
in October 1829 marks an epoch, By burning coke instead of 
coal^ the stipulated suppression of smoke was ecTected. The 
coke and water were carried in a tender attached to the engine. 

On the 15th of September 1830 the railway was opened. The 
two great towns, with due regard to the importance of the event, 
made preparatioQS for it with a spirit and libeiality worthy of 
their wealth and enterprise. Members of the govemmenlj and 
distinguished individuals from various quarters, were invited to 
be present at the opening. On the memorable day a train was 
formed of eight locotootives and twenty-eigiit carriages, in which 
were seated the eminent visitors and other persons present on 
the occasion, to the number of dao. The Northuinbrian, one 
of the most powerful qf the engines, took the lead, followed 
by the train, which, as it rolled proudly onwards, impressed all 
beholders with a grand idea of the energies of ajt. At Park- 
field, 17 miles from Manchester, a halt was made to replenish 
tiie water-tanks, when the accident occurred by which Mr Hu-ij- 
kisson lost his life, and tonpered the triumph by a gencraJ senti- 
ment of regret Business began the next day. The Norihumhrian 
drew a train with 130 passengers from, Liverpool to Manchester in 
ore hqur and fifty minutes; and before the close of the week six 
trains daily were regularly running on the line. The surprise 
and excitement already created were further increased when one 
cf the locomotives by itself travelled the ^t miles in less dian an 
hour. Of the thirty stage-coaches which had plied between the 
two towns, all but one went ofi" the road very soon after Uie 
opening. In December commenced the transport of goods and 
merchandise, and afforded further cause of astonishment; for 
a. loaded ttain, weighing So tons, was drawn by die Plixmt 
engine at from 12 to lO miles an hour. In February 1831 the 
Samson accompLished a greater feat, having conveyed 164^ tons 
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from Liverpool to Manchester in two hours and a half, including 
stoppages — as much work a.s could have been performed by 
seventy horses. 

The facts could not be disputed. Neither the laws of nature 
nor science conld be brought to accord with the views of those 
who saw in the new agencies the elements of downfall and 
decay. Even the Company had gone surprisingly astray in 
their calculations. Believing that the major part of their busi- 
ness and of their revenue would be derived from tlie transport 
of heavy goods, they had set down _£2o,oc?d a year only as 
the estimated return from passenger traffic; and scarcely a 
week had passed before they became aware of the fact, as 
agreeable as it was unexpected, that passengers brought the ■ 
greatest return. 

The history of a great success cannot be otherwise than usefully 
illustrated by that of a comparative failure — road hcomotivts; 
seeing that many persons looked alike favourably on both. Du 
Halde relates that about the year 1700 the Jesuit missionaries in 
China invented certain mechanical curiosities for the entertainment 
of the emperor Kanghi, 'They caused a wagon to be made of light 
wood, about two feet long, in the middle whereof they placed a 
brazedvesselfullof live coals, and upon them an eoiipile, the wind 
of which issued through a little pipe upon a sort of wheel made 
like the sail of a windmill. This little wheel turned another with 
an axletree, and by tliat means the wagon was set a running for 
two hours togetlier. Tiie same contrivance was likewise applied 
to a little ship with four wheels : the eolipile was hidden in the 
middle of the ship, and the wind issuing out qf the two small 
pipes filled the litde sails, and made them turn around a long 
time.' This seems to denote a kind of hot-air engine. Some 
years later Cugnot produced a steam-carriage at Paris, which, 
after ha.ving proved its inefficiency, was laid aside, and is still to 
be seen in the Conservatoire des Arts et Metiers. In 1773, the 
American, Oliver Evans, began to experiment on steam with 
a view towards employing it as a substitute for animal power. 
Evans foresaw that steam would one day be the prime agent of 
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locomotion ; and he frequently declared that the time would 
come when travellers would he conveyed on good tumpike-roads 
at the rate of 15 miles an horn:, or 300 miles a day, by a con- 
trivance similar to his Qsya.. Within the next Chtrly years nurQC- 
rous attempts were made by inventors in this countiy to employ 
sleam-pqwer on common roads. The prOspCct appeared pro- 
mising; for if once successfulj there were excellent highways 
already prepared on which to conduct a tiaiEc. Trevelhick's 
csperinients have already been mentioned. Griffiths brought 
out a steam-cairiage in iSai, portions of which were the 
invention of a foreigner. Another by Gordon, in 1831, was 
contrived to work inside a large iron drumj as a squirrel runs in 
his revolving cage ; with what advantage does not appear. 
Gurney next took up the subject, and produced an engine, 
deverly constructed, in which the objection as to noise was 
to a great extent overcome. Instead of allowing the waste 
steam to be blown off by puffs, as in the usual way, it was made 
to enter a chamber, from which, by a special contrivance, it 
issued with a steady and noiseless current, and created a draught 
as it passed to the funnel. In 1S36 it performed the journey 
&x3m London to Bath. Other competitors were in the field 
— Dance, Maceroni, Church, and Hancock, among the moiit 
prominent; Gumey. persevering, had in 1S31 three steani-car- 
riages running for the conveyance of passengers on the road 
from Cheltenham to Gloucester, Four trips a day were kept 
up from February to June, at a greater rate of speed than 
that of the stage-coaches on the same nine miles of road, 
and! at half their fares. The success was such as might 
have led to a permanent undertaking, had not a formidable 
opposition been organised. Injurious reports were indu&trioualjr 
circulated, and all travellers cautioned against trusting themselves 
to the dangers of steam; and, for more effectual hinderance, a 
portion of the road was designedly and mischievously covered 
to a depth of eighteen inches with loose stones. In attempting 
to pass this impediment the working-axle of the engine was 
broken, which for the time put a stop to steam-Hcommunication 
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between Cheltenham and Gloucester. Eeftire any steps could 
be taken to renew it, local opposition crushed the whole ■enter- 
prise. In the same year Hancock started a steam-carriage — 
The Infant — to run between Stratford and Loudon, which excited 
much attention from the compactness and efficiency of its 
arrangementSj and led to attempts in other quarters. Sanguine 
projectors promised lines of steam omnibuses for all the great 
thoroughfares of London and the suburhan districts, and 
coaches for Bristol and Eirrainghara. To talk of travelling 
B5 miles an hour on a tumpibe-rgsd, with all its windings, all 
its regular and accidental traffic, was a mistalie : half that speed 
XTOuld be the highest compatible with pubUc safety. We may 
as well finish what we have to say OD this subject of Steam on 
common roads, by remarking that it is still a question whether 
highway locomotives might not be employed with profit and 
convenience between railways and towns lying a short distance 
off the line. At present they are confined to ponderous vehicles 
for dragging very heavy weights at slow speed — ^under rather 
restrictive clauses of an act passed in 1S65. 
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§ rv. RISE OF THE GREAT COMPANIES. 



The year 1830, as we have seen, demonstrated conclusively 
that steam traction on railways was a triumph; whereas a 
further period of six and thirty years has failed to develop a 
commercial profit for steam on common roads. 

The unquestioned success of the Liverpool and Manchester 
Railway revived some of the projects of earlier years. Two 
schemes which had been put forth for a railway from London to 
Birmingham were combined, the object being four lines of rail 
throughout the whole distance. Had this original intention been 
carried into effect, there is great reason to believe that the 



Rise of ifie Great Companies. 



3» 



I 




advantages which it offered wouM have more than compensated 
for the additional cost involved in such a width of roadway. 
UltimateEyf however, a double line of rails was decided on, and 
3 "bill brought before parliament and read a first time in 1832. 
Being referred to a committee, it met with a most strenuous 
opposition, notwithstanding which it passed the Commons, but 
was thrown out by the Lords. Two noblemen, whose estates lay 
pear Watford, exerted all their powerful influence against it; snd 
the company, for their unsuccessful attempt, were put to an 
expense of ^£"3 2,000, They carried their point in the next 
session at a total cost of ^73,868. Mr R. Stephenson was 
engaged as engineer. The original estimated cost was in round 
numbers _;^2, 500,000 : qwing, however, to the unforeseen diffi- 
culties, to the rise in the price of iron from ^9 to ^14 per ton, 
and the panic in commercial affairs in 1836, the actual cost 
amounted to ^2,000,000 more. The line, ii*^ miles in length, 
was opened for the entire distance in 1838. In 1846 the name 
of the line was changed to ' London and North-Western,' under 
which it now (1S66) includes a group of railways with extensive 
ramifications — their united capital being at least _;^5o,ooo,ooo, 
and the length of line 1300 miles. 

The Grand Junction line connecting Birmingham with Liver- 
pool afforded a rare if not the only instance of a great railway 
having been sanctioned by parliament without opposition. The 
bill was passed in 1S33, and the: line opened in 183;. The act 
for the Eastern Counties line (now transformed to Great Eastern) 
was obtained in 1836; a portion was opened in 184B; as far as 
Colchester in 1843; and the line through Cambridge to Bran- 
don in 1845. The act for the London and South-Westera 
passed in 1834— opened 1840; the South- Eastern in 1S36 — 
opened 1844 : the Erightoti in 1S3J — opened 3S41, The short 
line to Blackwall was opened in 1840: the Great Northern, 
formerly the London and York, in 1850. According to an act 
passed in 1844, the line from Chester to Holyhead was to be 
carried across the Menai Bridge, of which we shall have to 
rpeak more in full presently, A line from Edinburgh to Dalkeith, 
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worked by horses, was commenced in i8a6, and opened in' 
1831. An act of parliament was passed in 1824 for the Monk-1 
land and KirkintUlodi Railway, a line of iq miles, which was 
opened for traffic it{ October 1826. The line was laid out ^ 
by the late Mr Thomas Grainger, C.E. The Monkland lincB 
was worked by two locomotive engines built by Murdoch and 
Aitkcn of Glasgow^ and worked at a pressure of 50 pounds. 
This line proved such a success, that another in the neighbour- 
hood, called the Ballochney Railway, was opened Jn i8?S. ^ 
Then followed the Glasgow and Gamkirk (now a part of thefl 
Caledonian line), opened in 1831 ; and the Wishaw and' 
Coltness, &c. The next Scotch lines were the Dundee and 
Arbroath, the Arbroath and Forfar, Edinburgh and Glasgow 
(opened 1S42), Glasgow and Ayrshire (1S43) — all of which 
were carried out by Messrs Grainger and Miller of Edinbuigh. 
The Dublin and Kingstown was the first Irish line, opened in M 
1834; acts for some others were obtained in 1836 and 1S37. "W 

The Great Western Railway was partially opened in 1838; 
the e)(penses attending tlie parliamentary proceedings being do 
less than ^^89,197. Other railways in connection with the 
system have been opened at various dates since. As the- 
country to be traversed presented favourable levels, Brunei, who' 
had been appointed engineer, recommended the adoption 
3, broad gauge, or width between the rails of seven feet. With' 
the exception of the Eastern Counties line, where Eraithwaite 
had laid the rails five feet apart, the gauge on the Brnningham, 
and all the principal lines then undertaken, was four feet eight 
and a half inches. This gauge — perhaps without any specific 
reason — had long been Used in the mining districts : Stephenson 
adopted it on the Liverpool and Manchester line, and hence 
it became the standard for other lines : not that opinion was"™ 
unanimous in its favour, for the Rennies among others had^^ 
declared in favour of five feet prior to iSjo. Brunei con- 
sidered tliat with a seven-feet gauge he should be able to insure 
smooth and steady motion; the bodies of the carriages would 
be between and not above th€ wheels, as on the narrow gauge — 
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an arrangement, by the way, not now carried out in practice, 
Ordinarj- carriages and other vehicles might be conveyed on low 
tracks without difficulty, omng to tlie increased width ; and, 
more than all, the locomotives would be adapted for extraor- 
dinary developments of power. The increased expense excited 
murmurs and an inquiry, but without leading to any alteration, 
On the Eastern Comities line the directors had found it necessary 
to abandon the five-feet gauge for the narrower one universally 
adopted on lines with which they came into connection. 

When in 1S44 the line from Bristol to Gloucester was opened, 
which, by the influence of the Great Western Company, had 
been Izud on the broad gauge, all the practical inconveniences of 
' break of gauge ' were iramet^ateJy feit. Travellers from Bristol 
or Birmingham, compelled to pass with all their baggage from 
one set of c;irrjages to another, were not s-low to murmur and 
tlireaten; and at tlie latter-men tioned town a public meeting 
was held Ea remonstrate against a continuance of the interrup- 
tion. This maybe considered as the first move in t!ie 'battle 
of the gauges,' which was fought with the spirit and pertinacity 
ever excited by a desire for gain, or the hope of circumventing 
an opponent. The territory lying between the two rival lines — 
the Great Western and the North-Westem — was the prize con- 
tetided for, Whichever obtained possession would be able to 
keep the other from any share in the traffic. Active me;isures 
were taken on both sides; and troops of engineers, surveyoK, 
and levellers, taking possession of the ground, tasked themselves 
to tile utmost to prepare their plans and specifications for the 
memorable 30th of November 1845 — that date, before mid- 
night of wliich the 'standing orders' required the documents to 
be lodged at the Board of Trade. Such a running, riding, driving 
and steaming, contrivance and circumvention, then took place 
throughout the length and breadth of the land as were never 
before heard of. As the evening closed in^ messenger after 
messenger rushed into Parliament Street at headlong speed, 
panting with excitement, and delivered his burden of papers and 
^L parchments into the custody of the government officials. The 
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stir was universal, fgr similar documents had to be placed in thej 
liands of eveiy clerk of the peace of evay parish across which . 
a railway had been projected ! We quote from the Book cf 
Days a few illustrations of this mad 3och of November : ' Inj 
country districts, as that day approached, and on the room'] 
iti^ of the day, coaches and four were in greater request than 
even at race time, galloping at full speed to the nearest railway 
statioD. On the Great Western Railway an express train was fl 
hired by the agents of one new scheme ; the engine broke down; " 
the train came to a stand-still at Maidenhead; and iq this state 
■was run into by another express train hhed by the agents of a, 
rival project ; the opposite party barely escaped with thesr lives, 
but contrived to reach London at the last moment. On this I 
eventful Sunday (for it happened that November jotii was on a 
Sunday in 1S45) there were no fewer tiian ten of these express 
trains on the Great Western and eighteen on the Eastern Couq- 
ties. One railway company was unable to deposit its plans 
because another company snneptitiously boiightf for a high sum, 
twenty of the necessaty sheets from the lithographic printer; and 
horses were killed in madly running about in search of the 
missing documents before the 'fraud was discovered. In some 
cases the lithographic stones were stolen ; and in one instance ^ 
the printer was bribed by a large sum not to finish, in proper^J 
dmCr the plans for a rival line. One eminent house brought 
over four hundred lidiographic printers from Belgium ; and even 
then, and witlii these, all the work ordered could not be exe- 
cuted, .... However executed, the problem was to get these 
documents to Whitehall before midnight on the 3odi of Novem- 
ber. Two guineas a mile were in one instance paid for post- 
horses. One express train steamed up to London 118 miles in 
an hour and a half, nearly 80 miles an hour. An established 
company having refused an express train to the promoters of a 
rival line, the latter employed persons to get up a mock funeral 
cortege, and engage an express train to convey it to London; 
they did so, and the plans and sections came in the hearse, with 
solicitors and surveyors as mourners !' At the Board of Trade | 
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the excicemeaC became intense, as the evening of the 3olh wore 
tM. ' One agent arrived while the clock, was striking twelve, and 
was admitted. Soon afterwards a carriage with reeking horses 
drove up ; three agents rushed outj aad finding the door dosed, 
rang furiously at the bell; no soooer did a policeman open the 
door to say that the time was passed, than the agents threw their 
bundles of plans and sections through the half-opened door into. 
the hall ; this was not permitted, and the policeman threw the 
documents out into the street.' The baffled agents had lost 
time by being at the mercy of a post-boy who did not or would 
not know the nearest way from Eishopsgate station to WhitebaJl. 
More than isoo companies started in diat year, one half of 
which leistered their prospectuses. The capital represented by 
the:Se registered schemes amounted to the stupendous sum of 
;:£'5 -60,000,000, As a result, of the preliminary struggle, 600 
railway biUs were actually brought forward in 1845. Among 
other important matters, the gauge question was disctissed, and 
ihe Great Western projects, after rigorous investigatioflj were 
authorised under certain conditions: at the same time a com- 
mission of scientific individuals was appointed to test the merits 
of the respective gauges. Many persons will remember the 
experimeets oiade-by Professor Barlow and the astronomer-royal 
in January 1S46 — remarkable for the extraordinary velocity at 
which the trial-trips on broad and narrow lines were made. 
Their report embraced the whole bearings of the question^ the 
didiculties of break of gauge were fully considered, advantages 
and disadvantages balanced ; and although in some respects the 
broad gauge was to be preferred, they recoinmeaded that as the 
greater part of England was already laid with the 4 feet S^ gauge, 
it alone sliould be maintained and permitted ' in all public rail- 
ways now under construction, 01 hereafter to be constructed in 
Great Britain.' The appearance of this report kindled a lively 
controversy : die Board of Trade did not hold themselves bound 
by all the recommendations ; and permission was eventually 
given to the Great "Western Company to exteod their broad 
gauge to Rugby, to Birmingliamt and Wolverhampton ; also to 
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the whole soutli and west of their existing line from London to 
ErisfoL, but to be confined to those limits. Thus the question 
was compromised, ii.nd scope allowed for an active competition. 
which stiJL exists between the two companies most interested; 
although experience has at length taught them that more is to 
be gamed by a friendly interchange of traffic tlian by a teckless 
duplication of unnecessary lines. 



% V, ERA OF THE MENAI TUBULAR ERIDGR 

Before tracing the railway history of the last twenty ycara, it 
mil be desirable to notice somewhat fully the great advance in 
the science and mechanism of construction made by the forma^- 
tion of the first tubu^nr bridge — the massive, costly, wholly-original 
Briiami'ui Bridge over the Meiiai Strait. 

To tnow what the passage of the Menai used to be, we will 
suppose a traveller going from London to Dublin at the begin- 
ning of the present century, "When the coach reached Bangor, 
it was driven down to the water's edge, where lay a lumbering 
old ferry-boat ; and everybody dismounted and went on board, 
while the coachman, guard, and two or three porters unloaded 
the vehicle, and followed with all the baggage and j)arcels. 
Perhaps it rained or snowed, and perhaps a howling tempest 
added to the dismal effect of darkness — no matter ; there was 
no shelter. Fine weather or fou], from thirty to fifty minutes 
were lost in this uncomfortable crossing. With the landing on 
the Anglesey side of the Menai, began a new series of delays 
while another coach was laden; and so on to Holyhead. 

The Menai Strait^ thus mth difficulty crossed in those days, is 
an arm of the sea, about twelve miles in length, and in width 
from a few hundred yards to two miles; it washes the western 
extremity of Caemarvonshhe, and separates it from the island of 
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Anglesey. The tide rashes through twice a day, rising and 
foiling about twenty feet, creating sucli eddies among the rocks 
as are dangerous to small vessels. When the union between 
Great Britain and Ireland was effected in i8ai, numerous pro- 
jects for crossing this Stnit were rcvivctl. Some proposed a 
bridge ; others, a stone mound, a sort of huge dam with arches 
in it; others, a tunnel underneath. The highway itself was 
repaired in the course of the next few years ; but so imper- 
fectly, that some persons in Ireland being summoned on the 
37th of February 1810 to appear 35 witnesses in the House of 
Commons, it was considered a hardship that tliey were required 
to present themselves by the 8th of March. Teiford was 
instmcteiJ to prepare designs for a bridge across the Menai 
Strait, the want of which became every year more pressing. 
His first design was for a bridge of five arches at the Swiily 
Rocks; but he soon followed it by a second, with a single arch 
of 500 feet span, which offered less of obtitruction to the naviga- 
rion, and had his decided preference. Ultimately, however, 
h^ recommentled a suspension-bridge, as best suiting all the 
exigencies of the case:. An act of parliament having been 
obtained in i3i3, preparations were- forthwith commenced, by 
building barracks to lodge the workmen and labourers, and 
seeking out for stone suitable for the work. The level of the 
bridge was planned to be iqq feet above the water, with four 
arches on the Anglesey side, and tliree on the Caernarvon side, 
each 65 feet high and 52 feet 6 inches span. The foundation 
for these and for tlie Caernarvon msin pier was laid in 1820. 
In iSz2, the abutments and wing walls were completed; the 
main piers above the roadway proceeded with, and the stones 
earefuUy fastened together by iron ties and bolts, thus giving 
solidity to ibe whole mass. The height of these towers from 
the roadway is 53 feet, and the distance between them across 
the Strait 579 feet Tunnels were excavated in the solid rock 
for containing the masses of iron to which the chains were to be 
attached. The diaios, sixteen in number, were formed of fiat 
wrought- iron barsj each 10 feet long, 3^ inches wide, and i inch 
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thiclt. The next operation was the attaching of tihe vertical 
bearing- rods, and then the laying clown a floor of three-inch deal- 
planks, coated with tar. The 30th of January 1826 was the day 
■of opening. At half-past one o'clock, the London maO-<:oadi 
passed across the estuary, at the level of 100 feet afiove that 
tideway which heretofore had pre&ented a decisive obstruction 
to travellers. The bridge has bravely defied wind and weather; 
even the tremendous hiirrica.Qe3 of 1838-35, which wrought 
much mischief on other bridges, did no other damage than 
disturb two OT three of the suspension-rods. And there it still 
hangs) not\vithstanding its weight, presenting ao light an appear- 
ance, that to a distant spectator its graceful curve, suspended 
high in air, may seem the fabled bridge of the Mussulman. 
Long may it stand, to comraemorate the name of 

'Telford, -who o'er the vale of C»iiLbriaa Dee, 
Alofi: in air, at giddy height upborne. 
Carried his navigable road, atid. liiiiig. 
High ovtc Mduai's Strait, the bending bridge ! ' 

We have noticed this beautiful bridge, which still attracts 
admiration of all visitoirs to BangOFf somewhat fully, not because 
it is a railway bridge, but because of the later discussions whether 
it might be used as a railway bridge. The time soon arrived 
when another system had grown up, and railways, stretching 
their iron length north, east, west^ and SOilth, called into CsisC- 
ence structures which, for magnitude and purpose, far surpass 
all that had previously been thought essential for safe and rapid 
travelling. If it was desirable to have quick communication 
with Ireland in 1S25, it was not less so in 1845 ; there was the 
same barrier to overpass in the one case as in the other — the 
Menai Strait; and from the commencement of the Chester and 
Holyhead line, a work of foimidable engineering diERculties, the 
means of crossing became of primary importance. One of 
the first ideas was, to bring the railway on each shore to the 
stispension-bridge, and convey the passengers across from One 
side to the other in light carriages; but who, in thes-e days of 
impatient joumeying, would have submitted to such a delay? 
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— it would have seemed like going back to the old fetty. Some 
persons thought rails might be kid on the bridge itself; but 
etigineers sooa decided that the structure was not suitable. The 
company consulted Mr Robert Stephenson, who, after a survey 
of the locality, recocomended the building of a bridge of two 
arches, at a place about a. mile from the suspension-bridge, 
towards Caernarvon, where a rock in the centre of the channel 
offered a good foundation for a pier ; but the authorities, 
keeping :n view the importance of unobstructed navigatioa, 
would hear of no corapromise ; some other scheme had, there- 
fore, to be devised. Experience had shewn that hollow columns 
ariG stronger than solid columns; hollow beamsj than solid 
beams. What, then, if a hoUow iron beam could be made 
large enough for a train to pass through itj and laid across the 
Strait? 

Daring as was the Jdea, men were found able and willing to 
undertake'its realisation;, and under Robert Stephenson's direc- 
tion tfie expenments were commenced. The first step was to 
determine the best form of hollow beam, ot tube. The coq- 
clusion tiltimateiy arrived at was, that a rectang;u1ar tube, with a 
double lop and bottom, partitioned into square cells Or compart- 
naents, was the form best adapted for the purpose ; and the works 
at the Menai Strait were begun in 1846 with an activity as fertile 
in resources as vigorous in execution. The Penmaen Quarries 
being laid under contribution, a massive abutment rose oa 
either shore, close to the water's edge, against whicli the railway 
embankments terminate. These abutments are 62 feet 6 inches 
wide at their base, aad taper gradually to 55 feet at the height 
fixed for the resting-place of the tube — 100 feet above high-water. 
At the extremity, the masonry is carried still higher, and finished 
to resemble a low sq^uire tower, witii two large gateways in it, 
which receive the ends o^ the tubes looking out on the StniiL 
The architecture is a combination of the Egyptian and Grecian 
styles — massive and light; and only by this adaptation is the 
erection saved from being an embodiment of ugliness. From 
the toweTf a solid parapet or wing wall extends the whole length 
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of the abutment, and finishes in a huge pcd^stat, on which rests 
a lion, reminding one of Egyptian monuments by its colossal 
size. The sculpture is truly lionlike, and though cotichanC, 
Toeasures 25 feet 6 laches long, 12 feet 8 indies high, and of 
proportionate breadth. A single paw measures more than s feet 
across ; and the entire weight of the animal is Jo tons. There 
are four of these lions ; two at each extremity, looking down in 
silent raajesty on the swift trains as they approach firom the east 
or the west. 

Let us suppose the abutments finished; between them flows 
the sea with a width of nearly 1505 feet, and how is this to be 
crossed? The Britannia Rock stands midway, ju3t visible at 
mid-ddej it serves as a foundation for a tower. Still, the dis- 
tance is too great to be passed at a single stride, and two otlier 
towers were built, one betweea the centre and each abutment, 
by which the channel is divided into four spans, two of 4O0 feet, 
and two of 230 feet. All die towers are of the same width as 
the abutments, and each has two opening^s at the level of the 
tube, corresponding to those left in the abutments. The 
Britannia Tower, so named from the rock on which it stands, is 
321 feet 3 inches hig;h, reckoning from its foundation, and 191 
feet 6 inches above high-water mark. The otlier two towers are 
18 feet and the abutments 35 feet lower than this. 

All this time the work of preparing the tubes had been pushed 
forward with not less activity. The plan adopted was, to 
erect strong stages, supported by scaffolding, across the com- 
paratively short space of ajo feet between the abutments and 
shore-towers on either side, on which those portions ofllie tubes 
might be built in the places diey w^ere to occupy when finished. 
These stages were made sui^iciently strong to bear a weight of 
3000 tans— more than 100,000 cubic feet of timber and 33 tons 
of iron bolts having heen used in their construction. For Ihe 
central tubes, those which were to stretch across the 460 feet 
span to the Britannia Tower, another method was employed; 
they were to be built near the water's edge, and after«'ards lifted 
into thair place. A Stage was, therefore, constructed on the 
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Caernarvonshire shore, not far from the bridge, large enough for 
the purpose, 2200 feet in length, and nearly 39 feel in width. 
On this, at the proper distances, strong timbers were erected 
to support the tubes; so that the workmen might be able to 
move about underneath them during their constniction. A tram- 
way was laid down from end to end, to facilitate the transport 
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of materials ; and when all the rivet-making machines, punching- 
machines, and shearing-raachines were in full work, the place 
might have been deemed the head-quarters of all the smiths of 
a province. Two fire-engines and large tanks of water were 
■ Jjcpt in constant readiness in case of fire. A village with shops_, 
^1 a school, and a surgery sprang up; and the place became the 
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temporary abode of numerous artificers and labourers, with their 
wives and families. 

The tubes are 472 feet long, 14 feet S inches exti^eine widtli, 
30 feet high at the end which rests on the Britannia Tower, 
and 37 feet at the other; the diiference being made to give a 
true parabolic curve to the top, while the bottom is straight 
One of them was tontracted for by Messrs Garforth of Dukin- 
field \ all the others were made by Mr Mare of Blackwall. The 
process and mgde of thcir cOnStrUCtioti brought into play a 
considerable amount of ingenuity. The iron used is boiler- 
plate, from 3-3ths to 3-4ths of an inch thick, from 21 to 33 
inches wide, and from 6 to la feet long — the largest, which 
were used for the bottom, weighing 7 cwts, each. These various 
plates were sorted, and passed imdec the punching-machines, 
which punched holes through them at the rate of forty a. 
minute, as though iron were as soft as dough. 'When the 
plates left the raachinesj they had a row of holes 3-4ths of 
an inch diameter, and 4 inches apart, along each edge; aad 
being laid side by side, ' covering-plates,' also pUuChedj were 
placed over each joint, and the ivhole firmly riveted together. 
The rivets were all made on the spot, from |-iach rod-iron, of 
which such a quantity was used as would measure 126 miles, 
and weigh about 900 tons. A man and boy working at one of 
the machines could produce from 400 to Coo rivets per hotir. 

The ' sets ' of plates were afterwards lifted by a travelling- 
crane, and delivered over to the riveters who were buJldmg the 
tube. Two of these sons of VuJ(a.n, -wielding seven-pound 
hammers, stood in readiness on the outside; a third, 'the 
holder-up/ armed with a thirty-pound hammer, lay ill wait 
inside; and each had an attendant imp, in the shape of a nimble, 
grimy-faced boy. The plates being held up, ont of the boys 
tcrtifc a red-hot rivet from the furnace that stood close by, and 
tossed it over to the inside, where it was picked up by another 
boy, who dexterously thrusting it into the hole intended to re- 
ceive it, the holder-up immediately held his long-liandled liaramer 
firmly against it, while the two on the outside, falling to with 
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CDight and main, battered away until the rivet had got an outside 
as well as an inside head, which they ' swaged ' into a true 
form. What their hammers had failed to do, was then done by 
the rivets — namely, pulling the plates perfectly close together by 
the shrinking of the metal in cooling. The sides of the tubes, 
within and without, have a columnar appearancej produced by 
the riveting on at regular distances of what is called T iroai, 
running from top to bottom both inside and outside. These 
lengths of t iron cover the joints of the plates, and are secured 
by a double row of rivets. The top and bottom are cellular — 
that is, they are double, with compartments running lengthwise 
from one end to the other. The double top- is a space of at 
inches high partitioned into eight square passages or 'cells;' 
the iron partitions, kept in place by the aogle-iion, run from 
end to end; and the whole being firmly riveted together, the 
important object is realised — the greatest possible strength with 
the least possible weighL The bottom of the t-ube lias six cells 
only, put together in such a way as to resist the strain. Hence 
the larger plates in the bottom, so that the number of joints 
maybe as few as possible. Besides all these precautions, thirty- 
sii Strong frames of ca-st iron are fitted inside, at regular dis- 
tances, throughout the eiitire length, and triangular plates of 
iron, called 'gusset-pieces,' are riveted in at the comers above 
and below, for the purpose: of still further stiffening the tubes. 
The calculation now is, that the tubes will resist five times the 
pressure of the heaviest gale. 

On the 5th March 1849, Mr Stephenson drove and clinched 
the last rivet Never before had such a scene of rivetii^ 
occurred in. the world as these tubes exhibited; there were 
2,000,000 rivets altogether, and each required about a dozen 
blows from ponderous hammers. Then came the formidable 
^— task of floating out the two great tubes, each weigliing 1800 
^P tons, to the middle of the Strait. First, eight docks were dug 
r under each tube, laige enough to receive a pontoon or 8at- 
^ bottomed ba.rge gS feet long, 25 feet wide, and 11 feet deep. 
^H There was a barge for eveiy dock, each one fitted with valves 
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m the bottom, made to open or close at pleasure, and with 
pumps for the ^dnkission of water by the valves. Each being 
introduced into its dock, tTiC valves were opened, to prevent the 
rising and fatling tif the barges with the tide until their semces 
were required. Powerful capstans were 6sed on either shore, 
at the foot of the towers, and some on the decks of the pon- 
toons; and buoys were moored across the channel, to support 
the two miles of four-incJi hawsers prepared for the hauiing, 
besides numerous ropes to serve as cheeks and guides during 
the operation. Each of the capstans had a superintendent, , 
with a division of labourers under him, besides sailors and 
caq^erters who were to give their services in case of need. 
Each pontoon had a numerous crew. Altogether, about 600 1 
persons were engaged in the great operation. Ample store was 
provided, too, of spare ropes, lines, hawsers, and all other 
materials required for the movement and control of so unwieldy 
a mass. The distance which the tube had to float was about ^^ 
i(Joo feet ; and as the various points of operation were far apart,. ^H 
a system of flag-signals was organised. ^* 

The news had gone abroad, that on the 19th of June 1S49 
the first tube would be floated; and spectators came from aJl 
*[uarters to witness the operation. At low-water, the valveS of 
the pontoons had all been shut, in readiness for the approaching 
event As the tide rose, the vessels rose with it, until their 
decks touched the bottom of the tube. At first no effect was 
obser\'ed; but higher and higher swelled the stream, bearing 
lip the great barges; a few inches more, and a small opening 
became visible between the iron and the wood; gradually it 
widened, and then from mouth to mouth among those who 
stood by were spoken the words * She 's afloat !' and from 
mouth to mouth they went, spreading the gratiiying intelligence ^| 
among all onlookers. The capstans were at once set to work. ^^ 
Slowly the great tube moved away from the shore. Stephenson 
(with Bmnel and Locke as voluiiteer lieutenants) conveyed his 
orders by movements of his arms; and they, exhibiting signals 
as agreed on beforehand, kept the huge bulk perfectly under ; 
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control in the irtost suitable positions. Now came a sore trial 
of the patience of all. Suddenly one of the capstans gave way, 
lora from its place by the great strain upon it, and the excite- 
ment of the men running round at the bars. This accident 
deranged the whole proceeding; and there was no alternative 
but to hayl the hibe back to its mooringE. The attempt was 
renewed on the following day, the 20th, and succeeded after 
numberless difficulties. The tube was brought one end to the 
Britannia Tower and one to the Anglesey Pier ; and the 
arrangements had been so nicely calculated, that the time for 
this critical operation fell exactly at slack-water, when the pause 
in the tide-stream rendered the various evolutions easily practi- 
cable. Erelong the tide turned; the valves in the [wntoons 
were opened, and their buoyancy diminishing a$ the water 
entered, they fell gradually with the stream, and left the tube 
resting on a projecting shelf made to receive it near the base of 
the piers. It was thus left until August, while preparations 
were made for the raising. It was already a bridge; but from 
where it lay near the water, it had to be lifted up 100 feet. 
Though but a part of the whole undertaking, this was in itself a 
task requiring means and appliances of stupendous order. Let 
any one imagine 1800 tons of iron lying in a mass at the foot of 
an ordinary church-tower, to be raised to the summit ! 

For such an extraordinary weight, extraordinary means must 
be used, and yet the means appear small when compared with 
tlie end to be accomplished. By the aid of three hydraulic 
presses, adequate in strength and dimensions to the enormous 
weight to be lifted, the tube was. raised into its place. Two 
were placed side by side on the Britannia Tower. In these the 
plunger Or ' ram ' was eighteen inches diameter. The other was 
of larger dimensions — a ver)- giant among hydraulic- presses ; die 
cylinder was nearly 1 1 feet long, with sides 1 1 inches thick, and 
20 inches diameter inside. It was cast all in one piece, and 
weighed 17 tons, to which the weight of the ram and other 
fcttings added about 22 tons more. The water was forced in by 
a forty-horse steam-engine, through a hole not more than half an 
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inch in diameter; and so prodigious was the pressure, that had 
an outlet been made, the fluid would have spouted up to a 
height of 20,000 feet — theoreticalJy, at least, in accordance with 
hydrodynamk principles. Between the presses and the Menai 
was a height of 140 feet; the lifting-power was commuDicated 
through this space by means of massive chains, two of which 
were made fast by their lower extrenaities to each end of the 
tube, while the upper extremities were secured to a. ' cross-head * 
on the top of tlie rams. The steara-engines forced water into the 
presses; slowly the rams rose, bearing up the chains and the 
tube, which hung far beneath. This was another acodous 
moment, when the ponderous structure swung clear off its sup- 
port, borne only by the chains; hut the machinery held, and, 
inch by inch, the rams emerged from the Cylinders, until, in half 
an hour, they were at their full height — six feet This was an ■ 
the iith of August. As the tube rose, beams and balks of 
timber were carefully built up beneath it, to afford support in 
case of accident. The lifting was by a series of pumpings, six 
feet at a time, But a mishap occuiied. On the 17th, the pUed- 
up wall was thirty feet above the water, when suddenly there 
was a crash, followed by a heavy fall. The great cylinder had 
burst ; and the tube, lio longer supported, fell, biit only for a 
few inches, the timber-waLI being there to receive it That cast 
iron, eleven mcbes thick, should have been burst by such a 
cause, furnishes a striking instance of the amazing pressure of 
tJje water. In six weeks, a new cylinder was cast, after which 
the lifting went on, six feet a day, without further accident. By 
the 13th of October it was up to the required level. Three 
cast-iron key-beams were immediately thrust across the recess at 
each end, and on these the tube finally rested. 

The first tube being thus liappily disposed of, preparations 
were forthwith commenced for pursuing the important work. 
The floadng and raising of the other three tubes were bnt 
repetitions of what we have here described: the second was got 
up in December of the same year; the third in June, and the 
fourth in August, 1S50. The tubes, when in place, were united 
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so as to form a coadnuoas leogth from one side of the Strait to 
the other; but to allow for the expansion and contraction of the 
tubes in hot and cold weather, there were 264 cast-iron roUars 
and 532 giin-metal balls mserted beneath them, working in 
ftames and channels ;; on these the great tubes have free raove- 
mmt, and the phenomena of expansion and contraction which 
they exhibii are very remarkable. In the hottest part of the 
summer they are twelve inches longer than in the winter — a 
tiifference which, had they been fixed, would have thrown down 
the soUd piers by a resistless alternating pull and thrust 

The Lifting of the second tube into its place in December 
1S49, established a communication between the two shores; 
and not to lose time, while tJie other portions of the works were 
advancing towards completion, preparations were at once made 
for running trains through the finished tube. Rails were laid 
down on longitudinal sleepers of pine, running from end to end 
of the tube; and as soon as the necessary fittings in the towers 
and at the abutments were perfected,, a trial was made of the 
strength of the tube. On the 5th of Mardx nSgo, Mr Stephen- 
son, accompanied by his staff, left Bangor Station with a train of 
three engines for the Britannia Bridge. They s,lowly entered 
the tube, and coming to a pause in the centre of each span 
between the towers, the train was left standing for a time, to 
try the effect of its weight- This was followed by a severer test, 
in the shape of twenty-four heavily laden coal-trucks, making 
altogether a load of 300 tonSf which were drawn into the middle 
of the Caernarvon tube, and left for two hours; even in this 
instance the deflection was not more than 4-ioths of an inch — 
an amount too small for consideration. Afterwards a stiH 
heavier train was sent through : to the twenty-four coai-trucks 
were attached as many more laden with coke, besides a number 
of Carriages containing about 800 passengers — all passed slowly 
through, and the Britannia Bridge was opened. 

Vis-itors to the Menai Strait, on mounting to the top of one of 
the tubes for a survey of the Britannia Bridge, and the prospect 
it commands^ find themselves on a long platform, nearly 15 feet 
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ia width. Rucning parallel with it, at a distance of nine feet, js 
the other tube, the top of which presents a similar platfonn ; 
and as the Hntels in the open{[igs through the towers are high 
enough to be out of the way, it is possible to walk from one end 
to the other without interruption. In the interior, a pathway of 
pMuks is kid throughout, and there is ample room to Stand on 
either side during the passage of a train. A sombre light is 
admitted through a series of circular holes, 4 inches diameter, 
which are pierced through the side-plates on one side of-the: 
tube, at intervals of 12 feet, and glazed with plate-glass. 

Compared with the suspension-bridge, the stone and iron in 
the Britannia Bridge are as 15 to 1. The entire length of the 
bridg;e, at the level of the railway, is 1841 feet, and of the tubes 
1513 feet; the total weight of iron is nearly 12,000 tons — of 
which the two tubes contain 9360 tons of (vrought iron, 1015 
tons of cast iron, and 175 of permanent railway. In theSr 
fabrication, i85,ooo separate pieces of iron are used, pierced 
with 7,000,000 holes, put together with more than 2,000,000 
rivets, and strengthened with 83 miles of angle iron. Of 
masonry, including stODs, brickwork, and rubble, there are 
1,492,151 cubic feet, or 104,8^5 tons, all of which, numberiag 
2177 cargoes^ was built up and finished in two years and nine 
months. The scaffolds were, in themselves, marvels of con- 
struction; 175,000 cubic feet of timber were used in their 
erection ; and adding that used for the platforms oa which the 
tubes were built, the total was 403,335 feet. For many months, 
the outlay in wages was ^6000 a week ; and the cost for the 
whole of the works more than _^(?oo,ooq. The development 
and formation of railways had called into existence means and 
appliances unknoivn when Telford built his suspension-bridge; 
and no sooner did an uneTfpected difficulty occur, than som« 
ingenious individual was found ready to overcome it. The iron- 
manufacture, especially, seeraed endowed mth new energies; 
and by producing rolled plates larger than ever before, made a 
riveted tube possible. If a ws^w tool or machine was needed to 
effect a certain purpose, it was always forthcomings — created by 
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the very necessity; and now these inventions all remain as so 
much gain to the power of handicraft 
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sentimenE of wonder, at the spread 
of the railway system in the last twenty years, since the Menai 
tubular bridge was first discussed? The statistics connected 
with the matter have become ahnost tmrnanageable for their 
va&tness. After the spasmodic years 1S45 and 1S46, a dull 
reaction marked 1847 and 1848; and then the cKcitement 
began again in 1849. According to the Report of the Commis- 
sioners of Railways for 1850, the additional lines opened in that 
year made the total for the United Kingdom G631 miles. Up 
toDecamber 185.0 the lines authorised by parliament compre- 
hended i2,iSa miles- The whole number of stitions was 2030; 
the number of engines at work was 2436; the miles travelled 
over 40,161,850., or 110,333 per day; the tons of coke burnt, 
627,528, which had been produced from 896,466 tons of coaL 
The whole number of passengers exceeded 60,000,000 ; and the 
grand total cost of all the raihvays amounted to j^z 30,000,000, 

The year 1851 presented fifty-nine new Acts of Parliament 
relating to railways ; not, except in a few cases, for the construc- 
tion of important new lines ; but rather for amending and enlarg- 
ing lines already sanctioned. The battle of the gauges was stilt 
continued, the North-Western and Great-Western fighting each 
Other at all points. The Great-Northern had become a formid- 
able competiior to all its neighbours, abstracting traffic froin the 
Eastern Counties, the Midland, and the North-Westem by reason 
of the directness of its course. Many of the new lines opened 
brought very poor receipts, bringing down the averages much 
below their former level. Thus the receipts per mite per week 
fell from ;£66 in 1S45 to ^£'43 in 1S50. This was partly due to 
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the fact that passengers had begun to travel by third dass more 
and more largely, instead of paying secood-class fare. In 1845, 
the last year before the iompuhory Parliamentary trains, the 
third-class passengers were only 40 per cent, of the whole; 
whereas in 1850 they were 5a per cent Anotlier cause of 
diminution in average receipts was the opening of many branch- 
lines, which seldom, pay so well as through or main lines. It 
was found, on comparing several preceding years with 1851, that 
the average charge for a ton of goods was just about equal per 
mile to the a.venige charge for a passenger. Two other steady 
averages were noticed — viz., that the averBge length of all 
journeys did not depart far from seventeen miles, in any one 
year ; and the 'average fare two shillings. Another pointy 
ascertained pretty accurately in 1851^ was the large amount of 
dead ■ii'efght involved in most passenger trains. If nine carriages 
on a narrow-gauge line carried 1 go passenger?, it was calculated 
that 1440 cwts. were employed in carrying 288 cwts. A Great- 
Western express train often employed 1440 cwts. in draivkigonly 
182 cwts, So great is the pressure thus exerted on the per- 
manent way, that it was calculated that one mile of double line 
on the broad guage had 400 loads of timber and 5000 cwts. of 
iron to make a way stout enough to bear die burden. 

Year after year the system spread, with a rapidity which we 
need not study in detail. In 1852^ there were 52 railway acts 
passed, in 1S53, they reached, so high as 103; they fell to 82 
ia 1854, and to 77 in 1S55, In 1856 there were only 60 rail- 
way acts; but they made a start upwards to 84 in 1S57. They 
descended a little to 75 in 1858 ; but rose to 105 in 1859, and 
t2o in i860. The railways open for traffic in the United King- 
dom at the end of 1S60 were 10,433 miles; they employed 
5801 locomotives, 15,076 passenger carriages, and 180,774 
goods and mineral wagons. In round numbers, the railways 
canied 163 million passengers, 30 million tons of general mer- 
chandise, 51 million tons of coa2 and other minerals-, 12 million 
head of live-stock. The money received was ^3,30&,oqo for 
first-class passengers; ;£"4,ooo,ooo for second-class; ;£'4,7oo,ooo 
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for tliird-elass; ^250,000 for season tickets; ;^i,020,ckio for 
It^gage, parcels, horses, and dogsj ^^400,000 for mails; and 
_^i4,7oa,Qaa for goods, minerals, and live-stock. The trains 
travelled 107,000,000 miles in the year. The total expenditure 
for wofking, accidents, rates, taxes, duty, he., amounted to 
^£13,200,000, or 43 per cent, of the total receipts, leaving 52 
per cent, for dividend on shares and interest OQ loans, 

The extension of railways since 1S60, as measured by the 
number of Railway Acts passed, has been amazing : no fewer 
than gi6 Railway Acts hai-ing been passed in five years. And 
many of fliese are few very costly undertakingsr— such as the ex- 
tension, of the Chatham tuad Doifcr Railway to Ludgate Hill and 
Faningdon Street, the formation of two grand termini for the 
South-Eastern at Cannon Street and Charing Cross, the bringing 
of the North London to Broad Street, the penetrating through 
miles of streets in London by the Metropolitan system, the 
extension of the Great Eastern system to Liverpool Street, the 
fonnation of a, great terminus and d^p&t foe the Midland at 
Soraers Town, and the building of great central stations in 
lirerpool, Leeds, Carlisle, and elsewhere. In the year 1S64, 
there were open for traffic 12,789 miles of railway. The capital 
authorised was j;^39o,ooo,ooo in shares, and ;^i30,cioo,ciOQ in 
loans; of which there had been raised and spent ,^3 19,000,000 
in. shares, and ^io6,qoo,ooq in loans. There were carried in 
the year 28 million lirst-class passengers, 65 loillion second-classj 
and 136 million third-class, or 229 million altogether. The 
money received was no le.15 than thirty-faur millkins sterling, of 
which the passengers paid fourteen millions, the goods and 
tninerals seventeen milhons and a hall^ while parcels, mails, live- 
Stock, &c., provided the remaining two millions and a half. 
The average pay for each passenger was \s. airf., for each ton 
of merchandise (ts. bd., and for each ton of minerals is. ?J. 
There were about three mil lion passenger trains, which ran 66 
million miles; and two million goods trains, which ran 63 
million miles. All the trains, one with anotlier, ran 26 miles 
each on an average. There were 7203 locomotives, 23,471 



k 



52 



Railways, 



passenger carriages, and 212,916 wagons of all sorts^-a mar- 
vellous rolling-stock, certainly, shewing how great was the 
carrying-port'er of the companies. 

Although we cannot give the real figures for i566, sufficient 
is known of the railway traffic of the United Kingdom to war- 
rant the estimate of _;^40,ooo,ooo for the gross receipts of this 
year, earned upon 13,000 miles of line— exclusive of certaJn 
railways which are very little more than colliery tramways. 
This is about ^^jooo per mile per annum. 

Every one knows that the cost of obtaining Railway Acts of 
Parliament is enormous ; but none except those immediately 
concerned are aware how truly formidable the amount 
frequently is. If we take together the legal, engineering, and 
parliamentary expenseSj for services which are all irrespective of 
the money paid for land or works, we cqme to astounding totals.' 
In 1855, it was ascertained that 160 companies had spent in 
this way a sum of money which, averaged equally among them, 
would amount to ^8S,ooo each. The speculative companies 
tend frightfully to increase these preliminary and often futile 
expenses. The redtless endeavours of the SoHth-.Easteni and 
the Chatham and Dover Companies, in 1864, 1865, and rS66, 
to obtain permission to make a aew railway to Brighton, and 
the Opposition of the old Brighton Company to these endeavours, 
cannot have involved much less than ^£"200,000 legal and 
paxliamentary expenses — a burden to be ultimately borne by the 
travelling public. All admit that milway legislation 13 sus- 
ceptible of much amendment; there is no good reason why 
enormous expenses should be incurred in canying a bill through 
parliament — expenses injurious alike to the companies and the 
public. The plating of railways under the control of Uie Board 
of Trade in 1 S40 was a step, but not far enough, in the right 
direction. The Board are empowered to forbid the opening of 
any line which they may consider unsafe, and to compel such 
alterations as public safety requires, particularly with respect to 
bridges, viaducts, or crossings. They can order returns of all 
accidents that take place, and institute inquiry according to 
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islances. Then, in 1844, an act was passed designed to 
lect the public agaLnst the consequences of monopoly on the 
part ai railway companies. By its provisions, government was 
eoabled tg revise the tolls and charges of any railway of which, 
tweoly-one years after the passing of the act, the profits should 
exceed 10 per cent., and reduce them to this value. Further, for 
the protection and benefit of travellers, all companies sanctioned 
in 1S44, or in any subsequent session^ were to provide third- 
class carriages, and the trains provided with such carriages were 
placed under certain rules in regard to times, speed, stoppages, 
luggage, &c, In certain cases the companies have been allowed 
to change some of these regulations for others, but not less 
suitable or efficient As regards the fare the statute is impera- 
tive ; it is not to exceed a penny a mile (third class), though it 
may be lower. No toll is levied on third-class fares, but ott all 
other sums received for passenger traffic, 5 per cent, must be 
paid to government. The act also regulates the charges for the 
conveyance of troops, police, and persotis era^ployed in the 
public service. All companies are farther bound to permit the 
erection of an electric telegraph along their Ones if required for 
Her Majesty's service; and compensation for loss of life or 
iQJuiy while travelling is substituted for the law of deodand 
which formerly prevailed. And lastly, paid inspectors are 
appointed to see that the provisions of the act are duly enforced 
and obeyed. 

Had it not been for the regulations affecting third-class-. 
passengers, that large section of the travelling conununity would,. 
we may believe, have found themselves too often still riding in- 
open boxes, exposed to all weather, obliged to start at hours 
expressly chosen for their inconveniencfii and delayed on the 
journey as might suit the humour of their carriers. Even for 
some years after the act was passed, there was too much 
disposition to shew small consideration to those who paid but a 
penny a mile. At many stations the second and third class 
passengers were often drawn beyond the shelter of the roof 
before the train stopped, whatever was the weather; and the 
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* tlirougb ' transit was also rendered difficult to those who paid 
the lowest fares. On some lines of railway^several even which 
had termini in London — open uncovered boxes were still used 
as third-class carriages. These were at least bearable in fine 
wann weather; but in winter, or during cold rains or winds, 
ajl unsheltered joumey became most painfully distressing. On 
one or two other main lines leading directly from the metro- 
polis the third-class carriages were bad, and the second-class 
Dot much better ; too low to allow passengers to sit upright 
with comfort, and with a single opening of fifteen or eighteen 
inches square on each side for all outlook a.nd ventilation, as 
though not to see the countiy made travelling more agreeable. 
Competition, has, however, done much towards amending; thoie 
grievances; and now it is felt that the best accommodation 
attracts most traffic Tfie Great Northern was the first of the 
chief companies to set a praiseworthy example of what can be 
done with clean, convenient, and cheerful carriages ; and other 
companies have seen the wisdom of followmg ia the same 
course. StiU, however, much more is needed. 

The locomotive was so beautiful an engine, even when first 
introduced on the Liverpool and Manchester Railway, that it has 
not undergone b.0 many improvements as some other parts of 
the railway system. We must not believe, however, that diis 
unifoimity prevails so much in the working details as in the 
simple principles ; the improvements in detail have been 
immense. Stephenson's prize-engine, the Hocket, weighed six 
tons : locomotives now weigh from 30 to 40 tons. In how far 
this mighty agent of travel had been improved, was first shewn 
in the Great Exhibition of 1B5:, where at one side stood a row 
of ponderous atid magnificent locomotives, finished, though so 
huge, with the precision of a watch, and seeming formidaWe in 
their silence. The Liverpool, exhibited by the North-Westem 
Company, was one of Crampton's patent — ^that is, with the 
driving-wheels at the rear instead of at the centre. It weighed 
37 tons, and had a heating- surface of 2400 square feeL The 
Lord fff ihe Is!a, belonging to the Great Western Company, was 
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a favCrtlrablc specimen of the Ordmajy engines used On the 
broad-gauge lines. Its weiglit was 35 tons, that of the tender 
when loaded with a ton and a half of coVe and 1600 gallons of 
veatCT, iS tons— altogether 53 tons - the heating-surface was 
1815 feet, widi strength sufficient to bear a pressure of 120 lbs. 
to the inch. This engine !S said to have drawn no tons at 
six^ miles an hour; the usual speed was, however, for goods 
tia.'Sic twtaity-nine miles an hour witb 90 tons, and a consump- 
tion of 21 lbs. of coke to the mile. Besides these, there was a 
locomotive \sy Hawthorn, with improved springs, which kept 
the bearing on the whceU at all times equal, a steatn -chamber 
inside instead of outside the boiler^ and considered equal to 
a speed of eighty miles aa hour. There have been many and 
varied improvements in the fifteen years since that great display. 
WcnderfuJ, indeed, are the capabilities of recently-constructed 
locomotives; their velocity of at times seventy or eighty miles 
an hour may be increased when stronger materials or modes of 
construction shall be discovered. A cannon-ball in its swiftest 
flight travels four times faster only than the seven ty-miles-an-hotsr 
express train. The phenomena of passing objects observed 
during EUch rapid locomotion are most remarkable; the steam 
fills and leaves the cylinder twenty times in a second; twenty 
times in a second the piston advances and returns, and the 
OQtblOw of steam SQunds as a continuous whiz, SO inappreciable 
are the intervals between the rapid strokes. The driving-wheels, 
eight feet in diameter, revolve five times in a second, and at 
every bearing of a clock the mighty engine dashes over thirty^ 
five yards of ground I The establishment of underground rail- 
ways, where engine smoke and products of combustion wottld 
prove a great nuisance, has led to the invenrion of locomotives 
which will ' consume their own smoke : ' the products of com- 
bustion are carried into a spare tank beneath the engine; and 
the contaminated water in this tank is drawn off at intervals. 

Enlarged experience has improved the details of railway 
construction, and has made available many aids and appliances 
of which the need had not been foreseen, The old ' fish-bellied ' 
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rail has been discarded for one straight and heavier; thirty-iive 
pounds to the yard being too ]ight for the increasing weighl; at 
traflic, seventy-five pounds to the yard is that now most iii use. ^1 
Taking the miles of railway in round numbers at 13,000, the ^1 
weight of iron laid down in rails alone would thus amount lO 
7000 million lbs. ; m the manufacture of which, as well as of [he 
iron chairs, switches, gtrders, and columns brought into use by 
railway constnictions, thousands of hands have been employed, 
and tlie metallic branch of our national industry largely deve- 
loped, Steel rails are now used instead of iron, for very heavyj 
traffic. Balks of wood are found prefentble to blocks of Sone 
35 sleepers; improved chairs, and the substitution of hoJow- 
wrought iron wedges for those of compressed wood, facilitate 
the laying, and increase the stability of the rails j and in soma 
instances the rails are fixed to iron s.leepers by a contrivance • 
that dispenses with the use of chairs or other intermediate 1 
support. Signals, crossings, turn-tables, all are improved— in 
most instances substituting the simple for the complex. 

Experiment has furnished data on which the frietiDnal and 
atmosfilieric resistances to a train in motion may be calculated, 
and the tmost economical principles deduced. Many interesting 
facts have been brought to light illustrative of the laws which 
regulate weight at high velocities, and of those affecting speed'l 
by departure from a true level. The chemist, too, has lent his 
3Jd, in shewing how to remove, at stated intervals, the incrus- 
tation deposited by the water on the inside of boilers, where its 
accumulation would be a source of positive injury and loss of, 
power. In short, every part of the railway sjf&tem has under-: 
gone, and is undergoing, improvement. 
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§ VII. FOREIGN AND COLONIAL RAILWAYS, 

Foreign nationsj as may readily be supposed, were eager to 
avail themselves of the wonderful advantages which railways 
were found to confer on commefce and tiiC social arrangenients 
of mankind. A glance at the chief countries abroad will enable 
VS to see how far this has extended. 

^raflf^. ^Railways in France date from 1783, when a line 
was laid down at the Creusot FDundries, near Mont Ceuis. 
Short lines were subsequently brought into operation in other 
tjuarters; but it was not uniiL 1S35 that the great movement was 
commenced by the authorisation of the railway from Paris lo St 
Germairis, which was completed in 1837. In the following year 
the Orleans line was undertaken by a company, whose resources 
proving unequal to the task, the government granted them a 
lease of ninety-nine years, ivilh interest guaranteed at 4 per 
cent. Other companies meanwhile were discussing other pre 
jects : the line from Paris to Rouen was opened in May 1S43, 
and shortly aftera'ards extended to Havre. More comprehensive 
measures followed on the part of the government, by which they 
proposed to form railways from the capital to all the frontiers of 
France, taking the principal towns and cities on the route. 
There were 1800 miles finished and in operation in 1851, and 
1300 mote in progress j railway communication was also neatly 
complete between several points on the English Channel and 
the Mediterranean at Marseilles ; while by another m.iin lire 
Bordeaux and Eayonne were reached. The French railways 
commenced, and in great part open, in 185&, were computed at 
7140 miles. In 1S66, the network is sucli as to bring most of 
the great towns into connection with Paris — Calais, Boulogne, 
Amiens, Dieppe, Havre, Rouen, Cherbourg, Caen, Rlieims, 
Lille, Douai, Arras, St Omer, on die north ; Chalons, Verdun, 
Metz, Nancy, Strasburg, Mulhause, Besangoti, on the east; St 
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Malo, Brest, Nantes, Alen^oa, Orleans, Blots, Tours, Rochelle, 
Rochfort, BardeauK, Bayonne, Pau, Angoul&ne, Limoges, 
Poitiers, on the west; Auxeire, Nevers, Diioo, Ma^on, Lyons, 
Grenoble, Vaieace, Toulouse, Nice, Toulon, Matseiiles, Avignom, 
Nismes, MontpeUier, Narbonne, Perpignan, on the south— all axe 
now placed in laJlway commuaication with the capital, and 
indirectly with each odier. It was conaputed that at the end of 
1865 the French railways open for traffic extended to about 
84J0 riiiles. The amount received for trafEc was about 
^Z3,000j000. The French railways are mosdy grouped under 
six great systems or companies, knomi as the Northern, Eastern, 
Western, Southern, Orleans, and Lyons-Mediteira-nean. The 
■dividends are larger than on the average of English lines. 

JBeigium. — Belgium made preparations for railways in 1834. 
Though but a small territory, it is well situated for travel Two 
mam. lines were planned— from Ostend to Liege, and fixim 
Antwerp to Valenciennes; thus touching the French frontier 
on one side and the Prussian on the other, and interscctiDg at 
Malines, ' The undett^mg,' so reported the minister of pubhc 
WOTks, ' is regarded by the Belgian government as an establish- 
ment which should neither be a burden nor a source of reveaue, 
and rev^uiring merely that it should COvCr its Own esrpenses, con- 
sisting of the charge for maintenance and repairs, with a furllaer 
sum for the interest and gradual redemption of the invested 
capital.' Portions of the lines were opened in 1836 ; and tie 
whole system -was complete by 1841. Besides the Unes belong- 
ing to the government, however, there are others undertaken by 
private companies, of which the Great Luxembourg is the most 
important : the route is from near Charleroi to Strasburg, a dis- 
tance of 140 miles. By the year 1S56, the length constructed. 
and constructing reached 1 120 miles. In 1S66, the network is 
almost as close and intricate as that in our own counties of 
Lancashire and Yorkshire, so prosdnaate are the busy towns aqd 
viUages, Ostend, Smges, Ghent, Brussels, Tennonde, Mechlin, 
Antwerp, Tournay, Courtray, Tourcoing, Quiveron, Jemappes, 
Moos, Charleroi, Namur, Louvain, Liege, Vervieis, Ypres, 
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Jurbise, Luxembourg, Nivellcs — all within an area less than, one- 
eighth that of Great Brita-in. We may mention Brussels, the 
capital of Belgium, as being among the few cities which have 
what may be called a metropolitan line extending from the 
terminus of one company to that of another, and accommodating 
intervening streets and districts of the town. It is analogous on 
3 humble scale to the Underground Railway in London. 

Germany. — Germany early permitted railways to cross her 
frontiers, and soon numerous lines were stretching far and wide 
throughout the empire. The traveller may now journey by rail 
from Ostend or Antwerp, Rotterdam or Hamburg, to Uie ports 
in the Baltic — to Posen, Warsaw. OX Vienna, or from the Baltic 
to the Adriatic at Trieste. Once at Ostaid, he will find an iron 
highway to Berlin or Basle, Prague, Munich, or Pesth, from 
whence a line stretches onward to Belgrade on the Turkish 
frontier. In short, a glance at the railway map of the continent 
will serve to shew how town to town and country to country aje 
linked together from one end of Europe to the other ; and still 
new lines ate projected. In Germany the natural Jevel of the 
soil is followed as much as possible, in order to avoid the ex- 
pense of cuttings, embankments^ or viaducts j single lines with 
Kdings, and from four to ftve trains daily, at a slow rate of 
speed, are found sufficient for the traffic ; and the scale of fares 
is low. The number of miles of railway open in Germany in 
185 1 was 4500 j the cost Iiad then been ^^13,000 per mile, 
about half that of the French lines. By i856^the length con- 
structed and constructing — taking Germany in its widest sepse 
— ^was computed at no less than 8080 miles 5 including, however, 
the Lorabardo- Venetian Unes, which geographically arc in Italy, 
What tlie length has augmented to in 1866 it \& difficult to sayj 
for there is much confusion behveen German miles and English 
miJes in the kngths attributed to German railways. Suffice to 
say, that from Lemberg and Gross Wardein in the east to 
Cologne and Strasburg in the west, from Konigsberg and Ham- 
burg in the north to Botzen and Trieste in the SOUth, almost 
every Prussian, Gennan, and Austrian town of any note is 
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accommodated with railways. The %vaT of i366 will perhaps 
change the current acceptation of the word ' Germaoi;' but the 
railways will remain, let ttie designations "be wJiat they may. 

Ru&sia. — In Russia a vast system of railways is being carried 
out at the expense of the state. A line of 400 miles connects 
Petersburg with Moscow, and another of 700 miles with Warsaw. 
From Warsaw to Cracow a line of 168 miles is opened; and a. 
goods-line of 105 miles, worked by horses, from, the Don to the 
Wolga. There is also a short line extending a few miles 
from St Petersburg, chiefly for pleasure traffic, besides others in 
Southern Russia, from Kiev to Odessa, and in other directions. 
The journey from St Petersburg to Trieste is remarkable for 
its length, and interesting in the rapiti change of latitude which 
it will effect Leaving the Russian metropolis shivering under 
intense frost, the traveller finds himself in the short space of 
three days transported to the sunny shores of the Adriatic. 
The 400' miles from St Petersburg to Moscow take 24 hours 
by ordinary train ; the 700 mdes to Warsaw require 35 hours ; 
the 560 miles to the Pruss-ian frontier on the road to Berlin, 30 
hottrs; and then the further distance to the principal Prussian, 
German, and Austrian cities render the ' tlirough' jouniej-s very 
formidable affairs^such, indeed^ as couild be understood in the 
vast regions of America, but not in England, The ' Grand 
Russia Railway Company,' with a capital of ji^^a 4,000,0120, 
guaranteed 5 per cent, by the state, executes most of the lines. 

Sweden and ■Denmark. — The Scandinavian kingdoms have 
not effected very much in the construction of railways ; but they 
are advancing. Sweden and Norway have more difficulties to 
contend with iu this matter than Denmark, on account of the 
obstmctions furnished by mountains and lakes. The year 1866 
presents us with the Schleswig-Holstein Railway, from Altona 
to Gliickstadt, Kiel, Rendsbnrg, Schleswig, Tcenning, and 
Flen,sburg, to Hadersleben ; the Copenhagen and Corsoer Rail' 
way j and other lines from Copenhagen to Elsinore, Aarhuus to 
Skiva, Trondjcm to Heimdal and Stoten, Christiania to Lilles- 
troma and Kongsvinger, Stockholm to Malmo, and several 
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between towns and villages, the very names of which are hardly 
known in England. The war of 1 865 robbed Denmark of some 
of her best railwsys in Schleswig-Holstein. 

Melland. — -Holland is so flat a country, and the towns are so 
near together, that there were many temptations for a network 
of railways. The railways are, in fact, very numerous, relatively 
to the area of the country. "In i8g6, th-e length was only 210 
miles, constructed and constructing ; but now they are so nume- 
rous, as to link, together nearly all the towns worthy of note — 
such as the Hague, Dort, Breda, Rotterdam, Haarlem, Amster- 
dam^ "Utrecht, Amhcim. and Njnnegen ; while other railways 
are in progress in various directions) crossing the frontiers to 
Hanover, Prussia, and Belgium, 

Siviizerland.- — ^This small republic, bravely confronting her 
o\vn mountains, claimed credit for 200 miles of railway in 1856. 
She has added to the length since, by connecting Basle, 
Schaffhausenj Constance, Brugge Zurich, Lucerne, St Gall, 
Glarus, Zug, Berne, Thun, Preiburg, Geneva, and Martigny; 
and bold projects are under consideration for crossing the 
Alps at one or two favourable points. 

Italy,^^V\\fi garden of Southern Europe is making progress 
with railways. A line from Venice to Milan, another from 
Turin to Genoa, and a third from Leghorn to Florence, with 
branches to other towns in Tuscany, made up the Kst so far as 
completed in 1851 ; but the subsequent period of fifteen years— 
despite the uncommercial, unprogresaive tendency of the Papal 
States — has witnessed considerable advance. The formation of 
the Kingdom of Italy in 1S60, by the transfer of so large a 
portion of territory to the rule of Victor EmmatiUel, has given a. 
great impetus to the construction of railways in that beaudful 
but so long misgoverned country. About 1320 miles were 
open or under construction in 1S56. At present, the great 
cities are rapidly becoming linlied together by railways. From 
Stisa, near Mont Cenis, to Venice, there is a continuous 
rail, passing through Turin, Magenta, Milan, Bergamo, Brescia, 
■ Verona, and Viceia?a, with eight or nine small branches out 
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northward towards Switzerland and the Tyrol- Turin also sends 
off lines to Pinerolo, Cuneo, Fossatio, Genoa, Alessandria, and 
Pavia. Then, Milan is a. starting-point for a grand line 
extending through Lodl, PLicenza, Panna, Modena, Bologna, 
Ravenna, Rimini, Ancona, and Trani to Otranto, at the very 
'heel of the boot' On the western side of the peninsula there 
are continnoas lines of rail carrying the passenger on and on 
to Spezzia, Lucca, Pistaja, Pisa, Leghorn, Florence, Sienna, 
Rom^, Capua, atid Naples. Wliat names these are, suggestive 
of so much historical and artistic association ! When the recent 
transfer (i866) of Venetia from Austria to Italy has produced 
its full results, railway extension will doubtless be found 
among them. The islands westward of Italy, such as Corsica, 
Sardinia, and Sicily, have hardly yet entered upon the railway 
system. 

Spain. — In the Spanish peninsula there were in 1851 OtJy 
two railways, one of i3 miles from Barcelona to Mataroj 
another, 45 miles, from Madrid to Aranjuez. The latter was 
'inaugurated' ^vith the ceremony of 'blessing the engines' by 
the cardinal archbishop of Toledo, in presence of the court, the 
Cortes, distinguished attendaots oa royalty, troops and halber- 
diers, and three miles of spectators. There are four classes of 
carriages, the cheapest beiog without seats, and in which passen- 
gers arc allowed to carry a burden cm their head without additional 
charge. Of 1340 miles of railway planned and partly executed 
in 1S5G, only a very small portion was actually open for traffic 
Considering the hilly nature of much of the country, and the 
backward state of commercial enterprise, Spain deserves some 
credit for her railways as they exist in 1S66. There are lines 
open extending from Madrid to Sarsgossa; from Saragossa to 
Barcelona ; from Saragossa to Bilbao ; from the French frontier, 
near liiarritz, to Palcncia ; from Madrid through VEdladolid to 
Santander ; from Falenda to Leon ; from Olmedo to Zamora ; 
from Madrid to Alicante ; from Castillon to Albacete ; from 
Cadiz to Seville and Cordova, and several smaller portions. 
Other railways are in course of construction, to touch the 
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French and Portuguese frontiers at additional points. Two 
trains a day suffice for the traffic on most of the lines. 

Foriugal. — The western aad smaller of the two states of the 
peninsula has only a limited amount of railway. There are lines 
from Lisbon llirough Coimbra to Oporto, from Lisbon through 
Evora to Bejs, from Lisbon to the Spanish frontier near Badajoz, 
and two or three of slighter importance; and the year tS66 
has beeQ marked by the completion of a continuous railway 
between the Spanish and Portuguese capitals, Madrid and 
Lisbon. 

Grtwr.— The once classic&l Greece has-been too much dis- 
tracted with the pulling down and setting up of kings, with the 
seajching for brigands among the mountains, aod with unsuccess- 
ful attempts to restore her damaged financial credit, to be able 
to acFiieve anything in railway enterprise. 

Turkey. — The Danube and Black Sea Railway, about 40 miles 
long, extends from Kustendje to Tchemavoda, in Bulgaria ; it 
cuts off an immense detour near the mouth of the Danobe, 
thereby shortening considerably the time of travel from Vienna 
and Pesth to Constantinople. The Danube steamers touch in 
connection with the trains at Tchemavoda, and the Odessa 
steamers at Kustendje, This raiEway is in European Turkey, 
Another, the Ottoman Railway, is in Asiatic Turkey ; it extendi 
from Sfiayma to ifios Bonnar, a distance of about 40 miles. 

Africa. — The vast continent of Africa presents only three bits 
of railway. The first of these is the Egyptian Railway, from 
Alexandria to Cairo — 130 miles — and then onward to Suez — 90 
miles. We shall have occasion to speak of this railway again 
in connection with the ' Overland Route.' The second is the 
Algerine Railway, a small afi'air, which the French have estab- 
lished in their African colony; it extends from Algiers to Bildah, 
through Boufarik. The third is a small length of railway near 
Cape Town, in the Cape of Good Hope. 

East Indies. — India b benefiting in a most important degree 
by the construction of railways. Not only are productive 
labours encouraged, commercial transactions facilitated, the 
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movement of armies cheapened, and postal cotnmumcation 

quickened; but the peculiar habits of the Hindus and Musaul- 
mans are gradually undergoing cJianges which will remove some 
of the barriers between the natives snd Europeans. The lale 
East India Company bega.n a system of guaranteeing 5 per cent 
interest or dividend on alt the capital spent on the railways, 
with cettain clearly defined obligations and conditions. The 
system having been found to work well, the imperial govern- 
raent of India are continuing it. The vast country is becoming 
penetrated in every direction. The East Indian, the Bombay 
and Central India, the Calcutta and South-Eastem, the Eastern 
Bengal, the Great Indian Peninsular, the Great Southern of 
India, the Madras, the Punjaub, the Scinde — -all these are 
distinct railway companies, in some instances controlling vast 
lengths of line. AVhen the several systems are completed, 
nearly all the great cities of India will be connected by 
rail — Madras, Seringapatam, Calcutta, Patna, Benares, Alla- 
habad, Nagpoor, Hyderabad, Agra, Delhi, Lahore, Mooltan, 
Kunuchee, Bombay, 5;c. — from the months of the Ganges 
to those of the Indus. From Calcutta to Delhi alone there 
is an unbroken line more than a thousand miles in length. 
One railway company, the Bombay and Central India, have 
introduced a novelty in passenger carriages to which we have 
no parallel; viz,, a carriage tmo slisries Jii^/i, like a tivo-storied 
cottage. They are constructed to hold a hundred and tiventy 
passengers each, seventy on the lower story and fifty on the 
upper. By the mode of construction adopted, the weight and 
cost of the double carriage are less than of the ordinary carriage, 
although more capacious in the ratio of t^velve to seven. By a 
little lessening of height in each stOry, the new carriages are 
only twenty-one inches higher than the old single-storied kind 
They are only third-class carriages which are thus treated ; but 
as third-class pas.-iengers form nmeteen-twcntieths of all the 
passengers on the line, it is fortunate that a change which 'k, ^ 
economical to the company is decidedly rehshed by the natives, 
who greatly favour the upper story of these carriages. 
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Australia. — ' Young Australia. ' has begun to link her principal 
towns by rail. In Victoria, New South Wales, and Queensland, 
the three capitals — Melbourne, Sydney, and Brisbane — send out 
lines to some of the other towns; and Others are in course of 
construction. None of the HneSj however, as yet penetrate far 
from the coast ; paxtly on account of the expense of coostruttion, 
which is large. They are mostly government lines. 

Uniird i'/a/Ai'.— Crossing the Atlantic, we find a wonderful 
scene of railway activity. The outburst of railway enteqjrise in 
England- exdted a similar spirit in America. A short line of 
four miles from the stone quarries at Quincy to Boston liad been 
constructed in 1S27, and in 1S29 several miles of the Baltimore 
and Ohio Railway were completed. Locomotive power was 
first introduced at Lackawancack, in iSzS, on the line which con- 
nected the Delaware and Hudson canals. In 1S30, Mr Redfield 
proposed the construction of a 'great western railway,' from the 
Hudson to the Mississippi river, a distance of 1000 miles. This 
was a magnihceat project for that day, and has since been 
realised, by a series of lines stretching across the whole region. 
The Albany and Schenectady line, sixteen miles in length, was 
the first made in the state of New York ; it was opened in 1833 
with locomotive power. There were t^oo miles of railway in 
that state alone in tS^i, and 9000 miles in tlie United States 
altogether, which had cost j£"6 0,000, 000. The kngth in 1853 
was no less than t4,5oo miles. 

A railway convention, attended by 465 delegates, was held at 
St Louis in 1S49, to discuss the preliminaries of a great 
trunk-line from the Mississippi to California. This project was 
afterwards put forward in another form by Mr Whitney ; he 
imdertoofc, if Congress would grant a sufficient breadth of land, 
to lay down die line, widi funds raised by the sale of the land on 
either side. This was a grand scheme; and Jt is hardly to be 
expected that American enterprise will stop short of locomotives 
across the Rocky Mountains. Meantime the Mormons com- 
menced a wooden railway, to cross their territory from the Salt 
Lake to the hill country and to the sea-coast 
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In TS55 it was computed that 37,500 miles of railway 
open for traffic in the United States.- In 1SS6 the network is 
nothing less than wonderful in extent. From MJtford in the 
state of Maine, where the United States system begins, there is 
a chain of unbroken links all down the Atlantic sea-hoard to 
Florida. Then along the northern boundary of the States, the 
raihvays border the St Lawrence and the great lakes very closely, 
in the states of New York, Pennsylvania, Ohio, Michigan, 
Indiana, and Wisconsinj to the mighty MissisBippL Then, along 
the course of the Missouri and Mississippi, and in the several 
states and territories of Minnesota, Iowa, Missouri, Illinois:, 
Arkansas, Mississippi, Texas, and Louisiana, the locomotive 
whistles where the fur-hunter reigned supreme a few years ago. 
At the beginning of 1866 drere were no less than 4700 railway 
stations in the United States and Canada. The nearest approach 
yet niEide to the mighty Rocky Mountains is by the St Louis, and 
Kansas Une, opened in September 1865 — the first section of 
what is called the Great Pacific Railway, destined one day, no 
doubt, to cross the Rocky Mountains and reach Cahfomia. 

British AniS7'Ua. — British America has not advanced so rapidly 
in these matters as could be wished. There have been conflicting 
interests in the various colonies of Canada, New Eninswick, Nova 
Scotia, and Newfoundlaad ; therehasbeen a disinclination On the 
part of the Hudson's Bay Compajiy to encourage railways in their 
immense territory ; and there has been in general less commercial 
activity than in the republic immediately adjoining. Still, 
Quebec and Montreal are connected with the great Canadian 
Isies, and with the United States by rail ; and sOmC of ill' 
Other colonies have effected a little. The chief company, de 
' Grand Trunlj. of Canada,' has financially been very unfortunate. 
It must be credited, however, with the constructioa of ttifir; 
raost stupendous railway bridge in the world — -tlic Vkteria 
bridge, over the St La^vrence at Montreal, Of this splendid 
work we shall speak in another section. 

South America. — There is a short railway across the Isthmus 
of Panama, from the AtlantLc to the Pacific, perhaps the 
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profitable raOway in the world. In the West Indies there are 
a fenv short lines, in Cuba, Jamaica, Demcrara, 6fc. Brazil has 
entered to some extend on the construcrion of railways, and so 
have Chili and Peru ; but the whoie of South America has not 
done so much as some of the smallest European states. 



§ Vlll. GRAND ALPINE RAILWAYS : MONT CENIS. 

The greatest railway works gn which engineers were engaged 
twenty yCira ago were those of the Britannia Bridge. The 
greatest in the present day are on the mountain border-land 
between France and Italy. What with the unprecedented 
tunnel through the mountains, and the rails about to climb over 
their summit, we may well consider the Moni Cents RaUway as 
one of the wonders of the world. This work, effecting a passage 
across the iUps, will connect the railways of France with those 
of Italy. There will be a tunnel of unprecedented length, 
hegianitig at Foumeaux and ending at Bardoiineche. 

The idea of a tunnel through the Alps had long occupied the 
miad^ of engineers and statesmen both iin France and Italy ; but 
it is to the latter country that we must give the credit of having 
worked the idea into a practical shape, To pierce a tunnel 
seven miles long, by ordinaiy means, tlirough hard rock, in a 
position where verdcaJ shafts were out of the questiony would be 
difficult, if not impossible. It was evident that if the project 
of a turmel through the Alps was ever to be realised, some new 

k^stem of mining must be adopted, by means of which a rapid 
and perfect method of ventilation could be insm^d, and which 
would greatly exceed the amount of^work usually perfonried in. 
any given time by the system hitlierto adopted in tunnelling 
^H through hard rock. Accordingly, early in 1857, at St Pier 
^1 d'Arena, near Genoa, experimenls were undertaken before 1 
^1 government commission, to esamine a project for a perforating 
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engine, proposed by Messrs Grandis, Grattoni, and SommeLller, 
for rapid tunnelling. This machine was to be worked by meaos 
of air, highly compressedj which compressed air, after performing 
its work, would be an available source of ventilation. These 
experiments placed so beyond doubt the practicability of the 
system, that the law permitting the construction of the tunnel 
was speedily promulgated, Foumeaux was but a collection of 
mountain-huts, containing about four hundred inhabitants, 
without means of supporting the wants of any increase of 
population. Nor was the case very different at Bardonneche, a 
small Alpine village, situated at more than 4225 feet above the 
level of the sea, and populated by about one thousaod inhabi- 
tants. The task of bringing together large numbers of workmen, 
and their competent directing staff, must therefore necessarily be 
a difficult one. The machinery had to be transported through 
a country abounding in difticuldesj and unexpected failures in 
some parts of it often threatened to prove insurmountable. 

The first important ■work undertaken was the setting out of] 
the centre line of the proposed tunnel. It was necessary first to 
fix on the summit of the mountain a number of points, in a 
direct line, which should denote the route to be taken j secondly, 
to determine the exact distance between these two ends; and 
thirdlyj to know the precise difference of level between the same 
points. The line thus approximately determined, it was neces- 
sary to fix three principal observatories — one on the highest 
point of the mountainj perpendicularly over the axis of the 
tunnel ; and the other two in a line with each entrance, in such 
a manner that, from the centre observatory, both the others 
could be observed At the southern end the observatory could 
be established at a point not very far from the moulh of the 
tunneJ; but towards tlie north the observatory had to be carried 
to a considerable distance beyond the entrance of the gallery. 
These three points remain as a check for those intervening, and 
serve as the base of tlie operations for testing ihe accuracy of i 
the line qf excavation. Contemporaneously was undertaken 
careful levelling between the two ends, and bencli-marks were ' 
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established at iiiterva]s along the whole line. All the data 
necessary for an exact profile oi" the work were noiv obtained. 
The exact length of the future tunnel was found to be about 
seven and a half Eng^Iish miles ; and the difference of level 
between the two months 780 feet, the southern or Bardonn^che 
end being tlie highest Instead of making a single gradient 
from Bardonneche down to Foumeaux of about one in fifty, two 
gradients were made, each inclining towards the respective 
mouths. 

In the intervd between the end of 1S57 and that of 1858, 
many important works had beeo pushed forward. At Bardon- 
neche, bridges and roads had been constructed for facilitating 
the transport of the heavy machiner)*. Houses for the accom- 
modation of the workmen had been rapidly springing up, 
together with vast edifices for the various mag;azines and offices. 
The canal, more than ij- mile in length, for conveying water to 
the air-compressing machines, was constructed, and the little 
Alpine village had become the centre of life and activity. At 
Foumeaus, works of a similar character had been put in motion, 
Jn June 1859, tlie erection of the coimpressing machinery was 
commenced at Eardonngche ; but it was not before November 
1S60 that five compressors were successfully and satisfactorily 
at work. In January 18G1, the boring engine was introduced 
for the first time into the tunnel. Very litde useful result was, 
however, obtained for a long and anxious period, beyond con- 
tinually exposing defects in the perforators. Actual practice 
forced into daylight numberless litde defects which theory only 
too easily overlooks; but there was no lack of perseverance and 
ingenuity on the part of the directing engineers. In May 1861, 
it was considered necessary to construct a large reservoir on the 
flank of the mountain, to act as a deposit for the impurities 
contained in the water, which often caused serious inconvenience 
in the compressors. In the whole of the first year, i86r, the 
advance made was but eighteen inches per day of twenty-four 
hours, an amount less than might have been done by manual 
labour in the same time. In 1862, however, the advance made 
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was raised to three feet nine inches per day. In 1863, the 
length done (alw'ays referring to the soTilh or Eardonnfche end) 
was raised to above 1300 feet. At the Founieaux or northern 
end— owing to increased difficulties peculiar to the locality — the 
perforation al the gallery was much delayed. A totalfy different 
system of mechanism for the compression of air was necessi- 
tated ;. and it was not before January 1863 that the boring- 
machine was in successful operation on this side. In September 
1864 were completed in all rather over 3560 feet of tunnel. 
Basing our calcalation on this rate alone, we may look forward 
to the opening of the Mont Cenis Tunnel at about the year 
1S75, The directing engineers are, however, of opiiuon that 
this period may be considerably reduced, unless some unlooked- 
for obstacles are met with. 

Itl using the machines, a perfect ventilation of t?ie tunnel has 
been secured by the compressed air escaping from the exhaust 
of the boring-engines ; or by jets of air expressly impinged into 
the lower end of the gallery to clear out rapidly the smoke and 
vapour formed by the explosion of the mine. 

Besides the great tunnel itself, the works beyond its southern 
or Italian end are exceedingly formidable, and will tax the skill 
of the engineer as much as any road yet attempted. Its total 
length, from Susa tq the mouth of the Mont Cenis Tunnel, wilt 
be about 24 miles ; and the difference of level between these 
two points is a-bout 2500 feet There will be three tunnels of 
importance, three others of lesser dimensions, and twelve other 
small tunnels. The total length of tunnel on these 24 miles of 
railway will be nearly 21,000 feet, or about 4 tniles — ^juat one- 
sixth of the whole line. There will also be several examples of 
bridges and retaining walls of unusual dimensions. 

The works being carried on at Bardoanfiche are on a laiger 
scale than at Modane. There are, near this Bardonneche end, 
two houses in a direct line one with the other — one situated at 
the foot of a steep ascent, and the other at about 70 or So feet 
above it, on tbe side of the mountain. These two houses are, how- 
ever, but one, being joined by ten rows of incUoed aichwork. 
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jng tlie summit of each fOW of arches IS a large Iron pipe, 
more than a foot in diameter. Tliese ten pipes^ inclined at 
aa angle of about fyrty-five degrees, come out of Uic side of 
the upper house, enter the side of the lower house, and serve 
to conduct the water from the reservoir above to the air-com- 
pressing machinery, which ts arranged in the house below, 
cxetting on this machinery the pressure of a column of water 
84 feet 6 inches in height In the compre&sion-room ore ten 
compressing-madiLties, and two macliines like a couple of small 
steam-engtties, only they are worked by compressed air instead 
of steam. Each of these imparts a rotiiiy motion to a horizontal 
axis extending along the whole length of the room, on which are 
a senes of cams, which regukte the movements of the valves of 
the great compressors. The whole arrangement is very elaborate. 
A descending column of water compresses air to a power of 
six atmospheres ; this compressed air sets in action the air 
required; the rotating shafts act on the valves of the great 
compressors^ and the compressors work the boring-macbines. 
If these machines in the tunnel cease working, the pressure 
augments in the recipients, and the water in them falls until an 
equilifariura is established. On the other hand, if additional 
air be used for ventilating the tunnel, or by an accidental 
leakage in the conducting pipes, die water rises rapidly ia the 
recipients, and consequently in the water-gauge OUtsidc. By 
this means 1 continual coaipensation of pressure is kept up^ 
which, causes the machine to work with the regularity of a 
steam-engine provided with a governor. Much doubt had 
previously beeu expressed as to the possibility of conveying 
Compressed air to great distances without serious loss of power. 
The experience gained, however, at Mont Cenis has shewn 
that, can.veyt:d to a distance of 13 Zngtish. miles, the los& 
woulii be but one-tenth of the original force. 

The mouth of the tunnel is but a few hundred yards from the 
air-compressing house- In the completed portion of tunnel 
there is nothing very different from an ordinary railway-tunnel, 
with the exceptioa of the great iron pipe which conveys the 
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compressed air, and is attached to the side of the wall. In 
those portions where the workmen are engaged in the somewhat 
dangerous operation of detaching large bloclts of stone from the 
roof, the pipe is protected by a ceiling of niassive beams. A 
trarowayis laid along the tunnel ; beneath the tramwayis a canal 
for carrying off the water j and in this canal are placed the 
pipes foe conveying the compressed air to the jnachities, and the 
gas for illuminating the gallery. There are ten perforators, 
independent of one another, all mounted on one frame, and each 
capable of movement in any direction. Attached to each are 
two flexible tubes, one for conveying the compressed air, and the 
other the water ivhtch Is injected at every blow of the toql into 
the hole, for the purpose of clearing out the deTaris, and cooling 
the point of the 'jumper.' In front, directed against the rock, 
are ten tubes, sJiailar in appearance to large gun-barrels, out of 
which are discharged with great rapidity an equal number of 
boring-bars or jumpers. Motion is given to these jumpers by 
the admission of a blast of compressed air behind them, the 
return stroke being effected by a somewhit slighter pressure of 
air than was used to drive them forward. On an average, at the 
end of about three-quarters of an hour, the ten holes are pierced 
to a depth of 2 feet to 2 feet 6 inches. Another ten holes are 
then comraencedj and sO on, until about eighty holes are pierced. 
Precautions being then taken^ the miners advance and charge 
the holes in the centre with powder, and adjust the matches j 
the fuse is fired, and the miners retire behind the folding-doore, 
which are closed. The explosion opens a breach in the centre 
part of the front of attack. Powerful jets of compressed air are 
now injected, to clear off the smoke formed by the powder. 
Thei: the other holes in. the perimeter are charged and fired, 
and more air is injected. Gangs of workmen next clear away 
the ddbris and blocks of stone detached by the esplosion, in 
little wagons running on a pair of rails placed by the side of the 
main tramway. Whatever may be the nature of the rock, if it 
is very hard, the depth of the holes is reduced. Each jutnper 
gives about three blows per second, and makes one-eighteenth 



A 



dl 



m 



4 



Grand Alpine Railways : Mont Cents. 



73 



I 



» 



ofa revolution on its axis at each bbw. It is found that, on an 
average, one perforating machine is worn out for every six metres 
of gallery ; so that more than 2000 will be consumed before 
the Completion of the tunnel. The north or Modajne end of the 
tunnel is differently managed, Sis large water-wheels moved by 
the current of the river Arc give a reciprocating motion to a 
piston contained in a large hori2;ontaI cylinder of cast iron. 
This piston, having a column of water on each side of it, raises 
and lowers alternately these two columns, in two vertical tuhcs 
about 10 feet high ; conipressing the air in each tube alternately, 
and forcing 3 certain quantity, at each upward stroke of the 
water, to enter into a cylindrical recipient. There Js but little 
loss of water in this machine, which in its action is very like a 
large double-barrelled common air-pump. The system employed 
at Modane has many advantages ; and its success has given a 
marked impulse to the modem science of tunnelling. 

It may be well to remark that MaKt Cenh is not a suitable 
name for the tunnel. That Alpine height is sixteen miles away 
from any part of it. The actual peaks under which the tunnel 
passes are the Cal Frcjus^ the Grand Valhn, and the Col ds la 
Rue; the Grand Vallon, the highest and middle peak of the 
three, is 5400 feet above the level of the mnnel, and 11,000 
above the sea-level. The tunnel itself is thus at a greater height 
above the sea tlian any mountain-top in Great Britain. It will 
also be well clearly to remember that the necessarily slow pro- 
gress of the tunnel is owing to the impossibility qf working it at 
more than two points at once, begiiming at the two mouths and 
working towards the centre, tlie mountains above the tunnel 
are far too high to permit shafts to be dug down through them. 
Mr Buffura, who visited the works in October 1865, states that, 
three or four months before that date, the perforators had begua 
to encounter white quarl2, a rock harder than had been hitherto 
found; as a consequence, tlie labour was greater, and the rate 
of progress lessened. In January r866, die perforators on the 
French side had gone 2451) yards into the bowels of the mountain, 
and on the Italian side 3358 yards — about three and one-third 
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miles out of seven and hvo-thirds. When finished, there will be 
nearly eight miles of tunnel from Fourneaux to Eardonntehe, 
and thirty-four itiiles of difficult railway works to connect the 
tunnel with the French railways at St Michel at the one end 
and the Italian railways at Susa at the other. These forty-two 
miles altogether will cost not less than ;£"3,soo,ooo. 

There ts stil! another enteq;>rise to be noticed, in connection 
with this grand Alpine railway. Italy and France will have to 
wait several years before the Mont Cenis tunnel can be finished ; 
the more hopeful prophets name the year 1S70, while the less 
hopehil extend the probable time to 1875. Under these circuiu- 
Etances, a bold determination has been made to carry a railway 
tfiffr Mimt Cans U^elf, keeping the present traveller's route — 
Napoleon's fine road. No locomotive has yet climbed such an 
ascent as this road presents, if used in the ordinary way. It has 
therefore been determined to use a third rail, against the sides of 
which horizontal wheels will press, to be worked by the engine in 
addition to the ordinaj^ driving-wheels ; the horizontal wheels, by 
biting the centre rail, will prevent the engine from slipping back- 
wards, and win also assist it round the curves, which are sharper 
Ihan have ever been worked. The weight of the engine itself 
may be safely reduced under these circumstances. Trials, made 
in Derbyshire, on the High Peak Railway, and on a small bit of 
experimental railway at Mont Cenis, have satisfied engineers 
that an ascent so steep as i in is can be surmounted by these 
means. This experimental portion is a mile and a quarter long, 
near Lanalebourg, on the Savoy side of the Mont As the exist- 
ing road is a succession of zigzags, with sharp turnings at the 
comers, the rails have been laid in the same way, with curves of 
two chains radius. The road itself is somewhat over thirty feet 
wide, and the railway is to occupy the inner portion. Up this 
steep bit of experimental incline trains have been propelled 
twelve miles an hour. Italian, French, English, Austrian, and 
Russian engineers examined into the subject in 1865, and came 
to a unanimous conclusion that the object can be attained, with 
immense advantage to passenger and goods traffic A very 
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inBuential company has been formed for carrying out the plan, 
witii necessary privileges conceded by the Italian and French 
governments. The engineers estimate that ^8000 per mile 
will suffice to ky down a single line (with three metals) of rail, 
including locomotives. The railway will be protected in certain 
places from accumulations of snow by covering it with a roof of 
limber aad iion. A snow-plough, attached to the engine, will 
Suffice to clear away the occasional drift. It is supposed that 
the worlt will be finished in 1867; and so confident are the 
company of the resources of the line, that they expect it wiil pay 
itself in seven years. Savoy and Piedmont -witl eventually, if all 
goes well, possess two railways for crossing the Alps, one through 
the great tunnel and One over the paSs. Pleasure -travellers are: 
likely to prefer the latter, as affording a better view of the 
country. These once finished (or either of them), there will be 
unbroken railway communication from Calais and Boulogne to 
the southern extremity of Italy, 



5 IX. OTKER FAMOUS RAILWAY CONSTRUCTIONS. 

In inustrating the engineering wonders of the railway system, tt 
will be more useful to notice what is doing abroad dian at home, 
as being less familiarly known; although the latter should of 
course be kept in view, as types by which others may be judged. 
The Mcnai Bridge, already described, will have given a good 
notion of the tubular principle of construction. The high-level 
bridge at NewcasUe-on-Tyne supplies a fine example of a mode 
of making a double bridge, having a railway over a roadway. 
The long bridge over the Tweed at Berwick has encouraged 
engineers to grapple with fonnidable difficulties at Runcorn over 
the Mersey, at Saltasli over the Taraar, and elsewhere. There 
are daring plans in progress for crossing the Humber at Hull, 
and the Severn at New Passage. There are viaducts of great 



height and beauty, such as the Crumlin Viaduct; and tunnaT 
of considerable length, such as those at Box and Wpodhead. 
Let us say sjinply a- few words touching the Taraar Bridge and 
the Cannon Street Station, before going to other countries. 

The Albert Railway Bridge, at Saltash is worthy of the original 
mind which devised it. The river Tamar is half a mile in width 
at Saltash; and the manner in which Brunei spanned this half 
mile with a lofty bridge is very remarkaWe. Two gigantic spans 
of 455 ^2^* ^'^^h ^^^^ mainly on a pier built in the middle of the 
stream ; and nineteen land arches connect these spans with the 
Devon and Cornwall raihvays. To build the central pier, 
Brunei employed a novel fonn of coffer-dam. He constructed 
an immense wrought-iron cylinder, 37 feet in diameter and 100 
feet high, and sank this to the bottom of the water, The water 
was pumped out, the air forced in, and men worked at the 
bottom of the cylinder, clearing away the mud and gravel 
Wlien the rock was fairly laid bare, a granite pier was built upon 
it, and carried up to a height above the level of the water. On 
this granite pier were erected four iron columns of colossal 
proportions, being no less than ro feet in diameter by loo feet 
high; and a massive lattice-work of wrought-iron connects thena 
to prevent lateral movement. The two side piers, at the Devon 
and Cornwall shores, are of solid masonry, 29 feet wide, 17 feet 
thick, and igo feet high from the foundation, Tor the roadway 
over the two great spans, Brunei adopted the suspension prin- 
dple, though not in the usual fonn. He constructed two 
enormous metal bows of arches, high Up above the roadway ; 
and suspended the road from them. Kach of these monstrous 
WTought-jjon tubular bows consists of an elliptical tube, u feet 
high by 17 wide; it is made of inch boiler-plate, and is ^y 
strengthened withb in various ways. The tubes were lifted by '^| 
the aid of hydraulic rams of enonnous power, temporarily ^^ 
erected on the piers themselves. Thus the piers and the tubes 
rose together, to a total height of no less than 260 feet from the 
foundation of the centre pier to the highest convexity of each 
bow. The roadway is mainly suspended from the bows, by 
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chains, each link consisting of fourteen bars of iron, six inches 
wide by one inch thick. The tubes, and cliains, and roadway 
re all so connected by rods and trusses that the piers have to 
'bear each its own portion of weight pressing fairly dowatvards, 
but no side pull oc straining^. Engineers themselves say that 
in difficulties of construction Brunei's Albert Bridge excels 
Stephenson's Britannia Bridge. It is a pity that Mr Eninel's 
magnificent creations should so often have been unprofitable to 
those who had to pay for them. His raind could not willingly 
descend to that balance between coat and means which is so 
essential to commercial success. While Brunei was executing 
works which redound to his own fame, but which shareholders 
deplore, Mr Locke was constructing railways through hilJy 
districts so economically as to come at once within the legiti- 
mate resources of the companies. 

The Cannon S/reet Station of the South=Eastem Railway is a 
wooderful example of what our railway companies will under- 
take ; seeing that it is, after all, only one London terminus for 
one company. The station, in its depth of joo feet from 
Cannon Street to the Thames, and its width of zoo feet from 
Dowgate Hill to Bush Lane, has absorbed no less than 27,000,000 
bricks. There is cellarage amounting to 140,000 square feet 
The iron employed is more than 2000 tons. One magnificent 
roof covers the whole, in a single arch rising to a height of 106 
feet. The river fagade has bold ornamental towers at the 
comers ; these will be used aa capacious water-tanks. The 
Station has nine lines of rails and five platforms ; besides a cab 
and carriage road entering at Thames Street and emerging at 
Cannon Street. These figures are irrespective of the magnificent 
hotel, which, although it forms the Cannon Street facade of the 
station,, is a separate undertaking. 

France is not mtiiout its grand railway structures ; but we 
shall find something more distinctive on the Eiiine, at Cologne 
and at Mayence. The great Calogni Railway Bridge is remark- 
able for the way in which road and rail traf&c are provided for 
simultaneously. Down to 1S54, an old bridge of boats was left 
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in undisputed possession of the passjLge. In that year a plan 
for a new bridge was drawn up by the engineer Lohse, in which 
the middle portion should be a carriage road, with lateral Hoes 
on one side for a railway, and on the other for foot-pas aengera. 
The bridge was commenced in 1S55 ; hut a change of plan was 
made, by which the railway line would be placed on the other 
side. Without disturbing the piers, it wa-s thereupon, determined 
to build two separate iron bridges in juxtaposition; one of 24. 
feet wide, for two lines of rail ; and one about the same width. ^A 
for road vehicles aad foot-passengers, having a cairi^e-way and^f 
two foct-paveraents. Then, in 1S5S, when the Rhine captains^ 
complained that there was not height enough foe their nMSts 
beneath the bridge, the whole height was raised, thereby greatly 
affectrng the plans generally. At last the bridge was finished, ^— 
in 1S59. It is 1352 feet long, with four spans for livcr traffic ^B 
underneath. The cost was about ^£600, 000, a very large sum 
f&r a German work of this kind. The other grand Khenish 
bridge, at Mayctue, was opened in 1862. It is constructed on 
the ' fish-shaped girder ' system. It consists of thirty-two open- 
ings or span^, the total length of which is 3400 feet, nearly four 
times that of Westminster Bridge, The lattice-girders, looked 
at sideways, are nearly fish shape, bending upwards at the top 
and downwards at the bottom. M. Pauli, the engineer, has 
calculated certain formulae of tension and resistance wliich 
result from gugli a fonnation; and he had already tried the 
system successfully in a bridge near Munich- T?he bridge 
crosses the KhLne very obliquely, and the centre openings have 
the formidable span of 332 feet each. ^| 

The Semmeriiig Railway, crossing the None Alps from 
Viemia to Trieste, is the grandest public work in that part of 1 
Europe, and one to which we have no parallel in England forj^| 
engineering difficulties. How the railway croBBes ravines, winds ^^ 
round precipices, and bores through mountains, is astonishing. 
The most difficult portion, is that from Glognitz to Miirzzuschlag, , 
Comprising the crossing of the Sommering Pass sL a btight oCJ 
3435 feet above the sea-levcL There are no less than fifteeaj 
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.tunnels and Sixteen viaducts in this section of 26 miles. The 
tunnel which pierces the Soramering is 2000 feet higher than the 
station at Glogoitz. The curvatures are incessact, and some of | 
them veiy sharp. The trains constantly run. close to the brink ' 
of fearful preripices, which are guarded by strong balustrade 
waJlK. No locomotives being then powerful enough to climb 
such severe and continuous inclines, prizes were offered for new 
constructions; and these resulted in the production of loco- 
motives which master all the difficulties of the Somaering. The 
line was opened in 1854. It is said that a much better route 
froai Vienna to Trieste could have teen found, traversing a 
portion of Hungary \ but that the Austrian government, jealous 
of the Hungarians, preferred that the line should not in any 
part touch the Magyar provinces. 

Spain has the credit of constructing the remarkable Ebro 
Saihuay Bridge, near Viedola. The bridge consists of twenty- 
one spans of lattice-girders, each about too feet in diameter. 
The piers are formed of iron cylinders, varying from six to 
eight feet in diameter, sunk through the bed of tlie river to an 
aver3.ge depth of 30 feet, and resting on the solid rock beneath 
the river bed. As there is no suspension principle adopted, die 
roadway is mainly formed by the lattice-girder, made of such 
strength as to cross the spans with strength and steadiness. 

Across the Atlantic, in the midst of a system of bridges and 
viaducts worthy of the energies of the new world, there is one of 
surpassing merit and grandeur, for which our own colony of 
Canada must be credited. This is the mighty Victoria Tubular 
Bridge at Montreal, crossing the broad and rapid river St 
Lawrence, and unquestionably talcing the lead among all railway 
bridges hitherto constructed- This bridge forms a necessary 
part of'tbe main line of railway communication by which the 
protJnce of the interior is brought to the ports of the Atlantic, 
The med was readily to be seen ; but the St Lawrence is a rapid 
stft'am, above a mile in Tv-idth, whose channel becomes so 
■choked with ice in winter, as to seem to make engineering works 
impossible. Nevertheless, the idea was foimed by a citizen of 
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Montreal in 1S46 ; and in Diccember iS^g the first train pa 
over the actual structure. The fabric consists of twenty-four 

piers, rising 60 feet above the water, with intervals of 243 feet in 
all instances but one in the centrer which is 330 feet^ tbe upper 
end of each pier being in a sloping form, to meet tbe dangerous 
masses oi ice which pour down the stream in winter. Along the 
tops of the piers is laid a quadrangular tube of plate-iron, 16 
feet in breadth, 18 feet 6 inches high at the extremities, and sz 
feet in the centre in height ; this tube, of course, containing the 
carriage-track. Such — with abutments at the extremities — are 
the simple elements of the structure j but the internal strength- 
eners are both vast and numerous. 

The tubular principle having been resolved upon, after the 
model of the Menai Bridge, it seemed only right and fitting that 
the aid of Mr Robert Stephenson should be called in by the 
projectors. He visited Canada for this purpose in 1853. It is 
admitted, however, on all hands, that the hardest part of the engin- 
eering was borne by Mr Ross, On the plan being perfected, a 
prodigious system of labour was organised by Mr James Hodges, 
as representing the contractors. It Comprised 450 quarrymen, 
shipping to the extent of 12,000 tons, manned by 500 sailors, 
and 3090 workmen of other descriptions, exclusive of those 
required for the preparation of the tube, which was executed piece- 
meal in England. The work was commenced in January 1S54, 
when the surface of the river was composed of a deep pack of ice 
fragments, thickly coated over by a newly frozen sheet. On 
this firm surface, a peculiar piece of wooden framework, called a 
crib, was formed, such being a necessary preparative to the form- 
ing of a coffer-dam in which to lay the foundations ofthe first pier. 
In the course of the summer and autumn, two coffer-dams 
were fonned, and in one of them a pier had been built ; but the 
dams gave way on the 4th of January 1S55, when the pack of 
ice broke up. The accumulation had been going on for four 
days, until the river had risen high above its usual level, and lay 
in a widely extended sheet over the adjacent country, 'At 
length,' to pursue a narration which we owe to Mr Hodges, 
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'some slight symptoms of motion were visible. The universal 
stillness ivhich prevailed was inLermpted by an OccasioDal 
creaking, and every oce breathlessly awaited the result, straining 
every nerve to ascertain if the movemeQt was geaeral. The 
uncertainty lasted but a short period; for in a few minutes the 
uproar arising from the rushing waters, the cracking, grinding, 
and shoving of the fields of ice, burst on. our ears. The sight 
of twenty square miles (over 120,000,000 tons) of packed ice 
(which but a i&^ minutes before seemed as a lake of solid rock), 
all in motion, presented a scene grand beyond description. 
The traveller-frames, and No. 2 dam, glided for a distance of 
some hundred yards without having a joint of Iheir framework 
broken. But as the movement of the ice became more rapid, 
and the fearful noises increased, these tall frameworks appeared 
to become animate; and after performing some three or four 
evolutions like huge giants in a waltz, they were swallowed up, 
and reduced to a shapeless mass of crushed fragments. After 
gazing at this marvellous scene in silence, till it was evident that 
the heaviest of the shoving was over^ all those in tlie tmns.it 
tower, from which it had been witnessed, began to inquire bow 
the solitary pier No. i, which had been battling alone amid this 
chaos, had escaped. Although some affected to entertain no' 
fear, the author confesses, for his own part, to have felt infinitely 
relieved when, upon looking through the transit instrumentf he 
discovered that the pier had not been, disturbed.' 

It was against difficulties and dangers like these, and in the 
narrow intervals of time when the nature of the climate per- 
mitted men to work, that the raasOnry of tiie Victoria Bridge 
proceeded. Meanwhile, the preparation of the plates required 
for the tubes proceeded at the Canada Works in Birkenhead. 
A plan Or map of each tube was made. Upon which was shewn 
each plate, T-bar, angle-iron, keelson, and cover-plate required 
in the different situations, with the position of each marked by 
a distinctive character or figure. As the work advanced, ' every 
piece of iron, as it was punched and finished for shipment, was 
stamped with the identical mark corresponding with that on the 
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plan; so that when being erected in Catiada, aJthcugh e: 
was composed of 4936 pieces, or 9S52 for a pau-j the workmen, 
being provided whh a plan of the work, were enabled to lay 
down piece by piece with unerring certainty till ttie tube was 
complete.' Meanwhile, the masonry of the piers was accelerated 
in its progress by many ingenious contrivances, due to Mr 
Chaffey. A stock of 10,000 tons of stone was placed in such 
position in the stone-yard, prior to the commencement of the 
masonry, as to admit of each distinct cours.e being kept separate, 
and readily accessible when required. To effect this, a steam- 
iitrveiler, 66 feet in length, placed on a ghanty-frame raised ao 
feet from the ground^ and extending about 6aa feet in length, 
was constructed. The boiler and engine were attached to the 
Jennie, 3Tid traversed laterally along the traveller, being provided 
at the same time with a gearing to admit of a motion being 
comnitmicated to the traveller^ driving it from one end of the 
staging to the other. With this tnachitlery, worked by one boy, 
a train of cars, loaded iivith the heaviest blocks of stone, could 
be moved on the railway-track, underneath, backwards and 
forwards, as required, and the stones taken Up and deposited 
together, according to the courses they were intended for. 

The work was completed at the close of 1859, and tested In 
a severe manner by the passing of a train of platform cars, 320 
feet in length, loaded with stone to the utmost; when even the 
central and longest tube was found to be deflected to fto extent 
of less than two inches. It needed but this fact to perfect the 
glory of a work which promises to be an enduring mouument of 
British skill, enterprise, and perseverance. 

A writer in Chamber^ s Jtmmal, describing a visit to the bridge 
in 1S60, said, in reference to an inspection of the tube, 'We 
walked in to about the centre, where an opening and a ladder 
enabled ua to get upon the top, so as to survey freely this 
marv^ellous fabric, and its surroundings. Everything seemed 
severely simple, yet perfectly adapted to its purpose. A side- 
opening, in like manner, enabled us to observe the form and 
stnicture of the piers. Then the word was given that a train 
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Ti'33 approaching from the south end, and it was necessary to 
itand aside, and allow it to pass. Our party followed the 
example set by a few "workmen near us, and ranged themselves 
close to the plates forming the side of the tube, between which 
and the rail-tract only a splice of about two feet interveaes. On 
came the huge noisy object, looking as if it woald sweep us all 
into destruction — it was impossible, with the utmost faith in 
what we were told of safety, to repress some little tremors. 
Certainly any sudden faintness at such a moment might have 
been attended with fatal results, for nothing but an erect position 
could save us. The blinding and deafening mass passed in its 
undefined lineaments close to our faces, and I esperiencedj 
though I did not express, a feeling of relief when we again saw 
the empty tube before us, and observed the train wheeling 
quietly out into the light at the north end As to the imperfect 
light within, thin is obtained through round holes pierced at 
intervals in the side plates, at the places where their weakening 
effect is least felt,' 

The Niagara Railway Bridge must certaiiily take raiJi among 
the important engineering -works of the age, defying^ as it does, 
the wonderful cataract which has acquired such world-wide 
notoriety. The New York Ceatral Railway Company and the 
Great Western of Canada Company divided the cost between 
them, seeing that both would benefit by its formation. The 
principle of construction is one that has not been much adopted 
in England. Instead of flat wrought-iron thick plates, con- 
nected by pins passing through their estremitics, the suspension 
is effected by a wire-cable, or rather four wire-cables, of the 
enoimous bulk of ten inches diameter. Each cable is composed 
of nearly 400a wires. They are securely anchored in the solid 
lock, 30 feet below the siuface, and pass over the tops of four 
stone towers Sq feet high. The roadway hangs from the cables 
by 624 suspend ing-rods. There are also about 100 iron stay- 
rods, of formidable strength. The span between the towers is 
Soo feet, and the height of the rails above the water is nO less 
than 250 feet. Probably^ no suspension-b ridge in the world 
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would allow trains to pass over it at ordinary speed, without 
endangering either the bridge or the trains ; so great would be 
the up-and-down deflection and the side-to-side swaying. At Nia- 
gara it is deemed satisfactory to obtain a speed of five mQcs an 
hour over the bridgej without any very considerable oscillation. 
The roadway on which the rails are laid is a remarkable struc- 
ture. It is a kind of lattice or tubular girder, with a railway outside 
on the top, and an ordinary -carriage and foot-passenger way imule 
on the bottom. This, and the graceful curvature of the cable- 
chains, combine to give lightness and elegance of appearance 
to the bridge; while the roaring rapid beneath, and the stupen- 
dous Falls not far distant, impart new elements of interest to 
the scene. Mr Roebling, the engineer, constructed the bridge 
at a cost of about ;^8o,oqo. It was opened Cor traffic in iSsS- 

The Santiago and Valparaiso Railway^ in Chili, is worthy of 
notice, on account of the formidable obstruction which the 
Andes present It is very creditable to the Chilians that ihey 
should have finished such a grand work, and opened it for 
tiaffic in 1S63. The railway is 114 miles Jong, It has five 
tunnels, several viaducts varying from 70 to 130 feet in length, 
and an indine of twelve miles rising 125 feet per mile, it 
crosses one of the passes between the lesser Andes, after rising 
3640 feet from Valparaiso. For some miles the railway climbs 
along the face of precipitous cliffs, with abysses of many hun- 
dred feet below it^ and walls of porphjTy rock rising 1000 feet 
above it, seldom disturbed by other denizens than the eagle 
and the condor. Although this is the longest and most impor- 
tant railway in South America, it is not the most elevated j ihe 
Copiapo line crosses the Andes by a pass 4400 feet high, 

The works on several of the Brazilian railways are in many 
instances very heavy ; those on the Dom Pedro Segundo line, 
running inland from Rio de Janiero, being particularly so. 
But the most interesting work in South America is the indine 
on the San Paulo Railway, on the ascent of the Serra do 
Mar. This line commences at Santos, a port of rising import- 
ajice, and extenda inland about So miles to Jundialii, the 
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centre of a. highly productive district. For the first 14 miles, 
I the country is merely a_ flat swamp, after which the ascent 
begins, and the line is conducted up the side of the mountain 
by a series of four inclines of less than i in 10 for six miles — 
the total ascent being in that distance 25 7 3 feet The inclines 
are worked by four stationary engines and wire ropes \ and 
Mr Brunlees, the engineer, has adopted the system of having a 
centre rail for a dif-break, similar to that he recommended for 
the road railway over Mont Cenis, ivith great success; as, to 
quote Ms Report, ' in many trials made at speeds varying from 
6 to 10 miles an hour, there was no djfficiilty in Coming to 
a dead stop in a few yards,' The works on the inclines are 
perhaps the heaviest of the kind in the world, but the rest 
of the line is simple enough. Eighty tons of goods can be taken 
up these inclines, and tlie same quantity let down in an hour. 

Among the many noble engineering works which the railways 
cii India comprise, one is the Jumna. Brtdga at Delhi. It is a 
beautiful specimen of the lattice-girder construction, in twelve 
spans of 205 feet each. It consists of two principal girders, each 
having a double-top and double-bottom, the top 'and bottom 
being united by diagonal lattice bars, so as to foiiii one main 
girder. The top or outside of the girder forms the railwayj 
while the bottom or inside forms a roadway for ordinary vehicles. 
This is Olie of several bridges recently constructed, in various 
countries, which avoid the hea\y appearance of the Menai 
Tubular Bridge by having the sides open lattice^work instead 
of continuous iron-plate. India has still more reason to be 
proud of the Bhars Ghaut works of the Great Indian Peninsular 
Railway. The distance from Bombay to Poonah, about 70 miJes, 
is marked by the occurrence of the Shore Ghaut, a pass in a 
mountain-range 2000 feet high. Sir John Malcolm constructed 
a caniage-road to the Ghaut thirty years ago ; but his gradients 
were not admissible for a railway, and therefore new surveys 
had to be made. Fir^t, starting from Bombay, the railway has 
to struggle against the numerous salt-water creeks which branch 
out of the harbour. It then threads its way tlirough groups of 
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isolated liills, to Callian, and advniices onward to the Deccan by 
the Shore Ghaut. Below Campolee commence the great works 
in earnest The ascent averages one in forty for the whole of 
the 14 miles. The tunnels are mimerous ; and one of the viaducts 
is t^o feet above the level of the ravine beneath. At one point 
the engineers could neither tunnel^ scarp, nor construct viaducts 
to climb a particular elevation, and therefore they adopted the 
method of zigzag. In this method a railway-train doeg not 
turn any comers j it is dragged up an incline on the side of a 
hill or mouQt&iu; the engine is then shifted to the other end, 
where it drags in an opposite direction up another incline : 
and so on time after time; but in this case only one reversing 
station is necessary. As many as 10,000 native work-people 
were employed in these operations for several years, at wages 
which seemed to them noble, fourpence to sixpence per 
day. A handful of English overseers and foremen kept them 
all steadily at work. There was a tejrible accident on this line 
in 1865, whereby an engine, driven too rspidly down otie of the 
inclines of die zigzag, precipitated the train to a depth beneath. 



§ X ILLUSTRATIONS OF EAILWAV WORXINa 

We shaH now touch lightly on a number of particulars 
which, taken collectively, will serve to iilustrate many minor 
features of the railway system. 

Undergfstmd J^a'ht'it^^-t.^-Among the best known railway tun- 
nels are tlie Woodhoiise{5i93 yards). Box {333;), Littleborougfi 
(2869), Sapperton (2800.), Kilsby (2423), Liverpool (three, 
each about 2250 }Tirdd), Clayton (2200), Abbot's Cliff {2000), 
Watford (1793), Merslham (1780), Leicester (r76o), and Clay. 
Cross {i'j6a). AH These and several others are a mile or more 
in length cachj one nearly three miles ; while those below a mile 
naight be reckoned by scores. An. underground railway, how- 
ever, as the term is now understood, means a railway carried 
immediately beneath a public carriage roadway, to lessen the 
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cost of construction. The chief of these is the Metropolitan 
£aUway, extending about five miles from Paddingtoa to Fins- 
bury, three-fourths of it lunnel, and the rest open overhead. 
The tunnelled portion hns openings at intervals for light and 
ventilation, and also for stations. The locomotives are con- 
structed in a peculiar way, to conden&e the products of com- 
bustion. To prevent collisions in so dark a railway, with nine 
stations in a length of five miles, a scrupulous system of tele- 
graphic signals lias been organised, enabling each station- 
master to know exactly the positions of tbe nearest trains, both 
up and down. The carriEifies are of immense size, some of 
them with eight compartments for twelve or fourteen passengers 
each ; and they are brilliantly lighted with gas. There are 
aoQ trains a day in each direction, well filled with passengers 
(amounting to 16,000,000 in 1865); and although the average 
fare per passenger barely reaches 2\d., the receipts mount up 
to j^8oo per mile per week. 

Pneumatic Railinays. — The idea of propelling carriages by 
atmospheric pressure was first suggested by Val lance at Brighton 
in 1824. A tunnel was to be made, air-tight, and large enough 
to receive carriages, which, on the exhaustion of the tube by 
steam-power, and the admission of air at one end, were to move 
rapidly under the influence of the pressure. On this plan pas- 
sengers would have had to travel in Uic dark. It was afterwards 
shewn tliat small continuous tubes, worked on the Same principle, 
might be made available for the rapid transmission of letters. 
Next Medhurst, in 1827, and Pinkus, in i834f proposed improve- 
ments. In 1839—40, Clegg and Samuda laid down a mile of 
atmospheric railway, as a working-raodeh A nine-mch iron tube 
was fixed bcuvecn tlie rails, having on its upper aide a continuous 
longitudinal valve. A piston -was connected with the carriage by a 
bar passing through the valve j and this, on the admission of aii 
after exhaustion, travelled fonvard with a loiid of ntnc tons at 
30 miles an hour. The valve being made with an elastic 
hinge, opened readily as the bar advanced, and closed again 
immediately behind it, being kept air-tight by a composition 
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of oil and tallow, About the same time Roberts proposed io 
establish aa atmospheric railway across Dartmoor — the tube to 
be exhausted by water-power. A line of two miles from Dalkey 
to Kingstown, in extension of the Dublin 3.nd Kingstown Une, was 
cODStructed in 1843, passing through a district with sharp carves, 
and gradients in places of i in 50 — circumstances to which the 
atmospheric system is especially apphcable. Other attempts 
made to establish a similar system on die London and Croydon, 
and on the South Devon lines, failed entirely — chiefly from 
imperfection in the valve, and difficulty in stopping at the 
Stations. A contrivance of racks and wheels in place of the 
conUnuous valve, was proposed by Pilbrow in 1844; and later, 
a new fomi of valve by HaUette— two small inflated flekible 
tubes which, acting as closed lips, would allow of the passage 
of the piston, and, at the same time, esclude the ait. The 
subject was revived in iS6t, by the project for a PnaimaHe 
J^iifatch, a mode of transmitting mail-bags to the General Post- 
office, and parcels to the carriers' offices, from the principal 
railway termini. After a successful experiment in Battersea 
Fields, a pneumatic tube, between four and five feet in diameter, 
was laid down beneath the public streets, from Eustoti Square 
to Hotbomj eventually to be extended to the General Post-office. 
Matters are not yet sufficiently advanced in tS66 to report on 
the merits of the system. Meanwhile, and consequent on experi- 
ments made in 1864 in the grounds of the Crystal Palace, a 
pneumatic railway is being made under the Thames from White- 
liall to Waterloo Station ; it is to be large enough to contain a 
broad-gauge passeuger-carriage running upon rails, to be pro- 
pelled by compressed air in one direction, and drawn by a kind 
of suction by rarefied air in the other, 

Submarine Railways. — A railway under the English Channel 
from Dover to CalaiSj so miles long, seems so chimerical that 
few persons treat the matter seriously. Yet it will not do to 
apply the term ' impossible' even to this scheme, seeing that 
niany of the results now regularly produced by railways were 
at one time authoritatively pronounced impossible. Let it suffice. 
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therefore, to mention at present {i S66) that several different plans 
have been brought forward for this purpose. 

Railway A id l3 Intercourse. — Taking railways just as they are, 
without prophesying as to the future, what a wonderftil aid to 
society they have become ! Are the London markets over-sup- 
plied ? — straightway the excess is forwarded by raiL to Eirming- 
hun, Manchester; or othei great centres of provincial populationj 
and tons of vegetables, fruit, eggs, poultry, or fish, which in 
one place would have lacked a market, form an acceptable 
supply to hundreds of willing customers in another. The pro- 
duce of remote agricultural districts has now a value altogether 
unanticipated a few years ago, and nature's redundant bounties 
are beneficially distributed. The mineral produce of Yorkshire 
and the midland counties is now poured into new and wider ' 
markets J and the inhabitant of London, as well as of oth'er 
towns, hitherto supphed with fuel at a high cost, now saves 
one-third m the price of the coals he consumes. And to a still 
greater extent is social intercourse promoted. Hundreds of 
thousands who, thirty years since, had scarcely ventured beyond 
earshot of the bells of dieir native village, have now travelled to 
the county town — ^or to London, tliat cynosure of the rural eye; 
while the ds^^ellets in the noisy city, in, the busy marts of trade, 
have traversed the land hither and thither, viewing the wonders 
of art and of ns^ture with eagerness, and have experienced 
the gladness of feeling, which fair landscapes and fresh breeies 
inspire. Without railways, the two Great EsJiibitions of 
1851 and i86z would have been mere local shows: whereas, 
with their aid, millions of spectators, gathered from all lands, 
witnessed the marvellous displaySf and returned to their homes 
scarcely less astonished at the rapid locomotion of their 
journey than at the results of collected industry. Without 
railways, too, postal reform would have been as a bird ivithout 
wings. What printing did for the grand truths of the fifteenth 
century, has been done for social intercourse and commerce 
by railways in the nineteenth. Almost unlimited capabilities 
for the transmission of correspondence are now afforded to 
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the mail service. 347,000,000 letters were conveyed and 
delivered in 1830 — an almost fivefold increase over 1839 ; 
and the number rose to 720,000,000 in 1865. With a. celerity 
and regularity not less remarkable than beneficent, the orders 
of government, calls of trade, messages of love and friendship, 
tidings of joy and sorrow, of all the hopes and aims, doubts 
and fears, which actuate a family or community, are despatched 
to every county and to every town and village in tlie land. 
Pediaps there could not be more trustworthy evidence of the 
value of railways to postal communication, than is furnished 
in the Postmaster-Generars Report prepared in 1865,** relating 
to the operations of 1S64, We cannot afford space to transcribe 
it here, but may simply say that it sheivs how, by the opening 
of new railways, the course of post was accelerated one whole 
day between London and various provincial districts. Cornwall, 
North WaleSf Ireland, and especially the northern pajts of 
Scotland, from Perth to Sutherland and Caithness, have been 
greatly benefited by these rail-and-mail facilities. 

Cieariiig'ffouse System. — One of the capital features of the 
railway system is the plan of what is called the C/carimg' 
house. To carry passengers without ictemiption to the 
furthest point of their journey, irrespective of the diversity 
in ownership of the lines over which tliey passed, was &. 
necessity that increased with every increase of the railway 
systeuL To meet certain practical difficulties which it involved, 
the 'clearing system' was adopted by the different companies 
concerned. This system is one well known to bankers, who use 
it daily in tlie settlement of their business transactions with one 
another, A central ' Clearing-house' was established m London, 
to which a daily account is sent from each of the allied stations, 
containing a statement of the number of passengers that travel 
through; of parcels received or transmitted; of goods, cattle, 
private carriages, railway vehicles retained or forwarded — in 

" It nfr>ri!s a CTirions illustration of the slowness of some of tlie governrpcnt 
^peratimis, that the Poi-f master- Geuerars Report for 1864, ordered for lire- 
■MAtion in iSGj, did not actniiUj make its fippearaiice in pnnt till 1S66: 
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short, of al] details of the traffic. These are classified, and 
the various debits and credits indicated by cqlumns writteu la 
red or black ink; and tlms the several fiahilities having been 
ascertained, the payment of a few hundreds of pounds in 
balances, instead of the interpayment of thousands, serves to 
settle riie whole. It has now become one of the largest com- 
mercial undertakings in England, Representatives from the 
several companies form the committee for managing the 
Clearing-house ; and all the companies share the expenses 
of the establishment among them. At the central estab- 
lishment in Seymour Streetj Euston Square, near the North- 
Western tenninus, there are nearly a thousand clerks, sorters, 
and messengers employed; while four or five hundred more 
are placed at tiie junction stations of the various com- 
panies' lines. The traffic that goes on ■en£ hne only does 
not come under the cognizance of the Clearing-house, because 
there is in such case no division of proceeds between two or 
more companies. But when, for instance, a passenger goes 
from London to Edinburgh by the York or East Coast route, he 
travels over the territories of three diiferent companies ; and the 
Qearing-house has to determine exactly how much each com- 
pany has to receive^sQ much to the Great Northern at King's 
Cross for booking, station accommodation, and tise of car- 
riage ; so much to the North British for ticket taking and station 
accoTHDiodation at Edinburgh ; and the residue divided among 
those two companies and the Noith-Eastern strictly according 
to mileage. So likewise, a ton of goods going upon the terri- 
tories of two or more companies; station accommodation, col- 
lecting and delivering, hire of wagons and tarpaulins, are first 
deducted, and then the balance is divided among the companies 
according to mileage. All this work for all the companies is 
transacted at die Clearing-house by a system of book-keeping 
most admirably plaimed. Every penny paid by every ' through ' 
passenger, or in reference to every ' through ' parcel or bale of 
goods, is scrupulously accounted for, first by the companies to 
the Clearing-house, and then by the Clearing-house to eacb 
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company separately. Even the detention of a single tarpaulin 
at a station or de'p6t, beyond a certain number of hours, is 
charged as a rent or demurrage to be paid by the withholding- 
company. Every kind of service, in the eyes of the Clearing- 
house, has its money value, and is rigorously accounted for 
betft'een company and company. > 

Acddints and Insurance. — There is no part of the railway 
system to which public attention is more directed than that of 
accidents to passengers. Many writers argUe aS if there might be 
no accidents on railwaysj and as if it were the duty of ' govern- 
ment ' (that vague abstraction which is looked to as the hypo- 
thetical cure for all evils) to insure absolute safety for the public; 
but there is surely a mistaken notion involved in this assTimp- 
tion. So long as the companies are made heavUy responsible 
in purse for loss of life and limb on raihvays, we may be certain 
that this is a better safeguard than any which the executive 
could administer. Who are more interested than directors and 
shareholders in doing the best that can be done in this matter? 
Is it a trifle to the South-Eastem Company to be compelled to 
pay ;^6o,ooo or ^70,000 for compensation arising out of the 
Staplehurst accident? To lessen accidents is possible; to pre- 
vent them is utterly impossible, when we consider how numerous 
are the kinds of mishap to which railway operations arc liable. 
First, as to the locomotive ; a lever may be disarranged, an axle ' 
break, a tube burst, a valve fail, a spark from the funnel work 
mischief. Then the carriages; a tire may come off, an axle 
become Overheated, or a coupling-chain break. Then (he rails; 
the metals may twist or bend, a bar may snap, a joint spring up, 
a pin or fish-plate become loose, or the ballasting may have been 
washed away from beneath the sleepers by heavy 3oods. Then 
as for the working-staff — the engine-driver may keep up too high 
a speed, or overshoot the distance to a stopping stage; the guard 
may give a wrong signal, or no signal at all ; the pointsman may, 
turn the points the wrong way ; the station-master may be wrong ' 
in signalling that the line is clear, or the police and porters wrong 
in permitting passengers to cross the line. Then on the pcnnanent 
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works; an arcli may 'give,' or a tunnel fall in, or an embank- 
ment slip, or a retaining-wall bulge. Then as to the passengers ; 
they may get in or out of the carriages when the train is moving, 
or jump out heedlessly, or cross die line in spite of warning, or 
open a carriage Jqqr while tlae train is in full motion, or set fire 
to dresses or carriages by smoking. — Of course we know that 
such things §u^/tt not to be; that no one of them is absolutely 
unavoidable ; but the truth is that some or other of them are 
sure to happen, from the very imperfection of human nature and 
human industiy. If, in carrying 250,000,000 passengers, and 
many million tons of merchandise and minerals, there are 30 to 
40 persons killed, and 500 to 600 injured, in the course of an 
average year — if this occurs (and it does occurj, we naturally 
wish that the loss and suffering were less; but we must compare 
it with load travelling and sea travelling before we can really 
judge its relative merits and demerits. 

The murder of Mr Eriggs by Muller, in 1S64, on the North 
London Rai^lway, gave intensity to a demand that had often 
been made, for means of comnmnlcation between guard, driver, 
and passengers. All the great companies caused their traffic 
managers to form a committee of investigatioa, to go witli the 
utmost care into an examination of ail the plans which had been 
suggested for means of effecting this communication. They 
exarained no less than 19G distinct suggestions, Not one of 
the plans appeared to them fully satisfactory; but they made 
observations tending to produce practically u&eful results; and 
these improvements are being gradually introduced. 

Meanwhile Uie public have the means of lessening to some 
degree the loss resulting from raihvay accidents. This pro- 
vision is by the valuable system ai Railtaay Ltsiiran££-^2. resource 
which, even if it had been thought of in the days of stage- 
coaches, would have failed because of the fewness of travellers. 
For threepence, a first-class traveller may insure his life for 
;^iooo, for any journey whether long or short; for twopence, a 
Second-class traveller is insured ^sdq; and for one penny, the 
third-class traveller gets ;^2oo ; or smaller sums for injuries 
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■which stop short of the destruction of life. Or the whole 
of life may be insured by a single payment. This subject is well 
worthy of consideration by travellers, especially those whose 
raeans of existence might be stopped or diverted by any sudden 
casualty. In the excursion train which met with an accident at 
Retinal in 1S65, there were no fewer than two hundred passen- 
gers who had in this way insured against accident; and for one 
of them, who had paid fourpence for insuring for the double 
journey, being among the tilled, his family received £,^00. In 
the floods which worked so rnucli mischief on the Devonshire 
railways in the beginning of 1866, the family of one of the 
sufferers received ^tooo, in return for the few pence which he 
had paid for a hrst-class insurunce tickeL 

Giivernnunt and ihc Raihuays, — Much has been said and 
written in recent years conceroiiig the expediency of placing the 
whole of the railwiiys under govemment control, and evea, 
making them national property. As regards fares, the reform is 
advocated on some such reasonings as the following. Matters 
are now so arranged, that it is believed an average train does 
not carry more than 70 passengers. 60 much power is wasted, 
that what woidd carry 1000 does really carry only 70. As Lt is] 
kno'ivn that excursion trains at very low fares pay the companies 
sufficiently, and that exceptionally low ordinary fares during 
times of severe competition entail no very considerable loss, it 
is contended that companies might fill all their tculns at very low 
fares, and yet obtain as much net pro&t as now fails to their 1 
share. If, by lowering fares (say) from £,\. to ay. 6rf., the com- 
panies only lose i per cent, divideod, then tlie present ]oss to 
the public may be reckoned thus; that we pay _^i3,JSo,ooo 
more per annum than we ought to pay. The astounding sum 
is made out thus : that we pay ^15,500,000 annually in lailway 
passenger fares; that, if we paid only ^£'3,350,000, the com-^H 
panics would lessen their dividends only 1 per cent, below the^H 
present average; and through that we pay ;^i3, 250,000 for 
noting. Then comes goods-traffic. The average clikarge for 
conveying niercliandise is about agj, per ton per 100 miles 



r 

4 



lUustrafiom of Railway Working. 



95 



■actual cost of carrying coils on the Great Eastern line was. a few 
years ago, estimated ar 9./. per ton per 100 miles — -yielding a /air 
profit at iliat rate. Therefore, the refonners say, as the country 
pays j^^ifi, 000,000 a year for goods and mineral conveyance, 
and as ^^500,000 would yield a sufficient profit, there is an 
overcharge of ;£^i5,Soo,oo<5, which, added to the overcharge on 
passenger- traffic, gives a stupendous total of j^ag, 000,000. 

The fallacies Involved in this statement would soon be laid 
bare by a skilful accountant who had all the facts and alj the 
"V-ouchers fairly before him. The companieSj we may be well 
assured, are not so stupid as wilfully and knowingly to threw 
away money at this rate. It may well be that a universal lower- 
ing of fares to a moderate extent, so as to fill the trains by 
inviting more passengers, would in the end pay the companies 
as well as at present, and please the public much better, but 
such extravagant estimates as those above mentioned are wholly 
imteoable. As concerns the government, they have authority 
to purchase tlie irailways, by virtue of an act passed in 1S44, 
which empowers the Trcastiry to purchase, at their option, any 
railway after it has been at work twenty-one years ; paying for it 
a 5um equal to twenty-five years' purchase of the average of the 
last three years' dividend. Some writers now advocate to the 
full the exercise of this right, by the purchase of all the railways 
in the United Kingdom for (say) _;^5oo,ooo,ooa ; then reduce 
the fares so excessively as to save the public the ^£"29,000,000 
a year above named; and then pay out of the taxes any 
deficiency in the interest for the five hundred millions. Others, 
more modest, simply advocate the reduction of fares to one- 
third their present amount. How the purchase-money is to be 
raised, and what guarantee we have that government could and 
would manage railways better than the existing companies 
manage them, arc questions left very much in the dark. 

Similar in some of its principles to tliis plan of compulsory 
purcliase of all the railwajra by the goveminent, is the scheme 
for the so-called 'Imperial Railway.' The scheme comprises, 
the construction of three main lines, from London to Dover, 
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Holyhead, and Edinburgh, respectively. They would go nearly 
straight from end to end. The Dover line would have no 
intermediate station j the Holyhead line would have two inter- 
niediate stations at Stratford- on-A von and Shrewsbury; while 
the Edinburgh line would have four — at Npttingham, Leeds, 
Carlisle, and Peebles (a brauch from Peebles would go to 
Glasgow). The line would be broad gauge, with steel rails, and 
would cost ^30,000 per mile. The speed would be not less 
than 60 miles an hour. There would be no third class, no 
return tickets, no special or excursion trains; but the first and 
second class fares would be so low that a passenger could go 
from London to Edinburgh for sos. first class, and 15s. seco&d. 
No goods, minerals, or short traffic would be carried; the 
receipts would be for long traffic in passengers, mails, and 
parcels. The returns are to be such as to yield 5 per cent ou 
the outlay ; and the line is to be a national one, prevented, for 
ever, from amalgamation with any of the existing lines. — There 
is certainly an element of grandeur in the scheme ; and 
there are many men in the railway world who believe that 
.we ought to have distinct lines for the rapid through-traffic and 
the slow stopping-traffic; but this mode of pickmg away from 
the existing companies just the kinds of traffic which pay them 
best, is not likely to meet with much success in parliament. 
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§ XL RAILWAY PECULIARITIES IN AMERICA. 

We shall know our own system all the better, if we have the 
raeans_of comparing it with some of the very remarkable usages 
established in the United Stales. 

In some respects, the arrangements and management of Amai- 
can railways are superior to our own. The carriages are. from 
fifty to sixty feet long, resting at each end on a low four-wheeled 
truck, which, turning on a pivot, admits of sharp curves being 
passed without danger of runnilng off ibc rails. The seats are 
placed across, on either side of a clear central space ; and as 
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^PUie doors are at the end, a passage-wjiy is thus obtained ttirough- 
^uiut the whole length of a train — an iron footplate serving to 
bridge over the spuce between the carriages. There is a positive 
advantage in this arrangement; the guard may be readily com- 
municated with at any time in case of danger; and passengers, 
instead of sitting as though packed into a tea-cliest, may pass 
from carriage to carriage, according as they may wish to change 
liieir seats, to look for a friend, or discover a conversable cona- 
paoion. A corap.irtinent at one end of each carriage is reserved 
exclusively for the use of women, and is fitted up with washing 
3,pparatus and other conveniences. In cold weather^ the whole 
vehicle is kept warm by a stove, and lighted always at night by 
a lamp at each end. The seats ore stuffed, and have padded 
backs, in all carriages alike, there being no distinction of first, 
second, or third cUss. The principle in America is to afford 
the same accommodation to all at the lowest profitable scale of 
charges. Such arrangements might not be generally acceptable 
in England : but the experiment would be worth trying, whether 
light, roomy carriages, of only one class, with stuffed seats and 
moderate fares, would find favour on the one hand, and bring 
profit on the other. Besides the advantages here indicated, 

I the American carriages are but half the weight of those usually 
made in this country; consequently, the sixty or eighty passen- 
gers which each will accommodate are conveyed with economy 
of locomotive power and almost the niLnimum of ' dead-weight,' 
There is yet another convenience peculiar to railway travelling 
ia America which we feel bound to ijotice : the arrangements 
respecting luggage. The guard receives your tnmks, bags, or 
lx>xest attaches lo each a numbered zinc Jabel, and for each 
y gives you a duplicate, and locks the whole in a special com- 
H partment- At the journey's end, you choose among the porters 
■ rvf *V" resnective hotels waiting on the platform, hand your zinc 
I . • one of them, and walk or ride away, ivith the comfort- 

able assornncc that all yOur luggage will safely follow. Com- 
I plaints about lost higgage are consequendy rare. It will be: 
H Said that the throng of passengers and press of business are so 
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greater in England than Araericaj as to prevent 
bility of similar arrangements. Here thousands travel short 
distances ; there, hundreds travel long distances. Here, from 
twenty to a hundred trains a day from a station scarcely satisfy 
the demand ; there, foiir daily trains suffice for the whole trafhc, ' 
But might we not require that the most efficient and satisfactoiy 
arrangements should be fonned where there is most work to be 
done't If we cannot do everything better than all the rest of 
the world, we ought at least to do as well. 

In farther illnstration of some of the peculiarities of AmericanJ 
railwaytravclling, we may quote from Mr W. Chambers's T/tiKgs 
as thej art in America : ' The train that carried me from Cincin- 
nati consisted of six cars, including among the passengers a.\ 
number of pedlers, who, with basket in hand, went from car to 
car, while the train was in motion, offering books and news- 
papers for sale. One of these travelling merchants went to 
work in a methodical manner, Firstj in making his roimds, 
he left with each passenger a circiolaj descriptive and recom-J 
mendatory of a particulnr book, and in due time returned for 
orders, which he executed on the spot. On some of the lines 
of railway, peddling in this and other forms has become so offen- 
sive, that it is now forbidden. Besides visits from the trafiSckers 
in books and newspapers, the passengers in the train were 
waited on every holir by a negro boy, supplying glasses of water. 
With a tin watering-pot in one hand, and a tumbler in the other, ^j 
he respectfully addressed each person in turn. The providingj^H 
of water in this manner seems to be part of the railway system ^^ 
in tlte United States. I, at least, saw few trains without a 
supply of water for passengers- Sometimes a vase and drinktng- 
glass occupy a spare comer in the car, and evtry one is left to, 
take care of himself; but more frequently the water is.carrit 
round for genera! accommodation. A-S vases of vaster arc likt 
wise exposed for public mc in many of the hotel lohbits, one 'a 
impressed with the lielief that the Americans arc the" greatest 
water-drinkers in the world — whether as a matter of taste 
necessity, I am not able to say. 
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' It is an unfoTtuQaCe peculiarity in American railways, that 
certain States have adopted different gauges, so that a break 
necessarily takes place in passing from one to another. In the 
jouroey I was now performing, I had occasion to leave the state 
tif Ohig; pass through about twenty miles of the state of 
Pennsylvania ; and finish in the state of New York, In each of 
th-ese states, tlie tracks were of a different width, and tlie shifting 
was anything but agreeable,' 

The plan of the American railway companies has been 
to rest satisfied with single lines until the resoiux:es of a district 
are so far opened up, and capital thereby created, as to warrant 
ihe coDstruction of double tracka. Only a few liave as yet 
attained the dignity of double lines. It will be understood, 
therefore, that American railways are almost all only single 
tracks, and do not admit of trains passing; each other, except 
at appointed stations. Sometimes a train has to slop for an 
hour till the arrival of the one in the opposite direction; but 
this, as with other inconveniences, is felt to be of inferior 
moment in comparison with having no railway at all. ' Con- 
tented at the outset ivith single lines, the projectors of railways 
are also satisfied ivith other simple and economic arniDgements. 
Where bridges or viaducts are required, they are usually con- 
structed of Eogs of wood, both for the upright supports and 
cross-beaters, applied in a rough state from the adze, without 
pohsh or painting. In some instances, there are long viaduct 
connections of this kind across lakes and inlets of the sea; 
ind so tittle are they above the surface) that the trams seem as 
if running on the water. \ seldom saw any ledges to these 
viaducts ; and nothing could have saved the trains had they 
slipped from the track. In the more populous and advanced 
districts, we occasionally see viaducts across rivers, constructed 
at a considerable cost of Stone and itoa* The general practice 
is to lay the rails on transveree wooden sleepers, of which there 
seems to be no scarcity anywhere, foe they are generally placed 

I not more than a foot apart; this abundance of sleepers appar- 
ently compensating for a want of proper ballasting or packing 
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with gravel Little trouble is taken to dress the surface, to drain 
the sides, or to fence the lines. Where the liiiU-ays intersect 
cultivated fields, or patches of a superior kind of pasture-land, 
the lines are enclosed with the usual zigaag rails; but in many 
places there are no fences of any kind, and the lines can be 
crossed by foot-passengers without challenge. At various places, 
the railways proceed for miles through thick forests of tall trees, 
nnd there the prospect from the windows of the cars is wild and 
solemn, Lofty pines, intemiLngled with birch and maple, rise 
like a wall on each side. 

In reference to an item which is always so heavy in England, 
preliminary expense, America is more fortunate. ' In most of the 
states, each railway company requijes to have a special statute 
or diarter, which is procured at an insignificant cost \ all that Is 
necessary being to shew that the proposed company is provided 
with means to carry out its undertaking. In several states^ 
including New York and Ohio, no special charter is now needed 
for a railway. A general railway law prescribes the mleS- to be 
followed by all corporate concerns; and within the provisions 
named, any railway company, if it has the means, may com- 
mence operations. There is thus, in reality, no impediment lo 
the covering the whole country %vith railways; and this freedom 
is imparted on the solid ground, that each compaciy best knows 
its Own Interests, and that nobody will be SO foolish as to throw 
away money in making a railway, any more than in setting up 
a store, or building a factory, where it is not wanted. . , . , 
Thus relieved of many expenses which weigh heavily on our 
system, and diminish profits, the American railway companies 
have the further advantage of getting latid for nothing, or at 
very insignificant prices. In the western, or unimproved parts 
of the country, laud for railways is sometimes given by town- 
shipSj counties, or the state authorities, in order to encourage 
capitalists; and I heard even of instances in which the pubtic 
contributed not only tlie land, but the earthworks.' As for cost 
of construction, wOod for sleepers can, in many places, be had 
for the cost of culdng and preparing. To the great open 
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prairies, wood as well as rails must, of course, be brought from 
distant quarters ; but the expense of carriage is bal^Qced by the 
cOitiparatively liglit Cost of cajthworks. In ihese prairies, a 
railway may be carried 500 miles in a straight line on nearly a 
dead-level — the iine stretching onward through grass and flowers 
without the slightest obstruction, and appearing to the eye 
like a zone girdling the earth. 

Within all the principal termini, there are offices where 
tickets may be procured, and there are likewise, in every city of 
importance, generat railway agency-offices, where tickets for a 
series of railways, (it suite, may be purchased. There SCCins to 
bo considerable competition among the agents who keep these 
establishments, in order to induce passengers to go byparticwlar 
lines. Whether purchased from agents or at the stations, the 
tickets do not cany any date^ furtlier than the year in which 
they are issued. The practice is to sdl all the tickets required 
in the route, although embracing the lines of several companies. 

'An American conductor is a nondescript being, half-clerk, 
hnlf-guard, with a dash of the gentleman. He is generally 
well dressed ; sometimes wears a beard, and when off duty, 
he passes for a respectable personage at any of the hotels, 
and may be seen lounging about in (he best company with 
a fashionable wife, No one would be surprised to find 
that he is a colonel in the militia, for " good whips" in the 
old coaching-rime are known to have boasted that distinction. 
At all events, the conductor would need to be a person of some 
integrity, for the check upon his transactions is in&mtcsimaUy 

small Hardly have the wheels made a revolution, 

when the door at one end of the car is opened, and the 
conductor begins his rounds. Walking down the middle, with 
a row of seats on eacli side, and each seat holding two persons, 
he holds out his hand right and left as he proceeds, allowing 
no one to escape his vigilance. All he says is " Ticket !" and 
he utters tlie word in a dry, callous tone, as if it would cost 
Something to bc cheerful. If you have already bought a ticket, 
you render it up to this abrupt demand, and a clieck-ticket 
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is given in excliange. Should you liave followed the ordinary- 
practice, and have no ticket to produce, the conductor selects 
the ticket you require from a small tin box he carries under his 
arm, and you pay him the cost of it, increased in price to 
the extent of five cents, as a penalty for liaving had to buy 
it in the cars^ — such fine being exigible, according to a printed 
notification ou the walls of the station-houses. Having- finished 
off in die car in which you are seatedj the conductor opens the 
door at the further end, steps from the platform across a g;ulf of 
two feet, to the platform of the next car; and so goes through 
the whole train, tih he reaches the van devoted to the baggage, 
where he has a kind of den for counting his money,, and 
cogitating over his affahs. But as there is no rest for the meted, 
so there is no repose for a conductor. Just before coming 
Up to a station, he makes his appearance, and takes a deliberate 
survey of his customers, receiving checks from those -who 
are about to depart. IVhen the train is in motion again, 
the same ceremony is gone through — rather troublesiome, it 
must be owned j but the conductor has a faculty for remem- 
bering who have checks for a long, and who for a short 
jonmey, and ceases to say " Ticket " more than two or three 
times to anybody. When it grows dark, the conductor does 
not trust to the lamp which lights up each car; he carries 
3. lantern -with a strong reflector, which enables him to scrutinise 
the equivocal bank-notes that may be tendered in pajTnent 
To enable him to perform this operation satisfactorily^ the 
lantern is made with a tin hoop beneath, and through this 
rmg the arm is thrust, so as to leave both hands disengaged. 
The checks which are distributed and collected by the con- 
ductor in the manner just explained, consist of narrow pieces 
of pasteboard about three inches long, Sfed are qf some USC 
to travellers. On one side there is a hst of tne, various stopping- 
places, with die intermediate distances in miles; and thus, 
on consulting tliera, we are able to ascertain our progress, 
Information in tliis form is very desirable; for as therg is 
a great deficiency of railway-officers at the statiotis, and *3 
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l!ie conductor is usually out of the way when you want to ask a 
question, yoLi are very mUch left to such knowledge as the checks 
and the American Bratlshaw are able to furnish.' 

The luggage arrangements seem tg be well managed. Every 
train possesses a lu^age-vam (called a crate), and within an 
opening in its side is found a baggage-master, who takes 
charge of evety person's luggage without afty additional fee. 
On going up to the baggage-master with a portmanteau, he, 
on learning your destination, attaches a brass-plate, on which 
a. number is struck, the plate being hung to a leather strap 
which he loops through the handle of the portmajileau. At 
the same time, he gives you a duplicate brass-plate, on 
prodacing which at the end of your journey, your portmanteau 
is rendered up. At all the [irincipal termini, you are spared 
tlie trouble of even looking after your luggage. Juit before 
arrival, the baggage-master leaves his van, and walking, through 
the cars, asks every pereon if he would like his luggage delivered, 
and where. You give up your duplicate brass-ticket, the 
number of which is immediately entered in a book, with the 
oan^e of the hotel you aje going to; and, in half an hour 
or less after arrival, there lies your luggage on the floor of 
your bedroom. This trouble is requited by a small fee, which 
15 paid by the clerk of the hotel, and entered m your accounf. 

The common rate of speed is from twentyto thirty miles an hour. 
Two 6? three passenger- trains, each way per diem, is an ordinary 
allowance Jn the open districts ; and from the general levelness of 
the country, the cost of working cannot be excessive. American 
engines ' fire Up ' with billets of wood, procured at a trifling cost, 
and stored in large stacks along the road, ready for use. From 
this rough fuel, when ignited, sparks rise in large quantities ; bat 
to prevent their cgrGss, a capacious grating is placed over the chim- 
ney, and we do not hear of any damage being done by them. 

Since the volume was written, from which tlie above extracts 
are taken, some of the more important railways in America have 
made a nearer approach to the European system, vx the solidity 
of the works and the general rate of expenditure. 
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Annals of Railways from 1815 to ISS^ 

We cannot tetter close this chapter than by a rapid glance, 
in the form of * Annals,' at some of the more salient features in 
the progress of railways during the last woliderfully active balf- 
century. fl 

1815. Sixteen Acts of Parliament for Railways passed tetween iSoi and lliii 

year. — Plain etlged wJieels adyptei.), to run on iimoatU tpQii rails. 
iSlb. Gegrgie Stephenson's first palent for a colliery railwny locomolive. 
1S17 — ig. Only one new line of railway sanctioned by parliament iu each of 

tlicie three years; a few pliiiiii^d by private agieemenl. 
1820. Rolled flr malleable iron rails iiTS.E atibstituted for ca^t iron. — -Mrl 

Gray's scheme far a antional system of railways publislied. 
1S2X. Stockton and Darlington Railway sanctioned by parliament, aft« 

mucli opposition. 
I&23 — 23- Not a single new railway sanctioned by parliament in cither 

tliese two years. 
1824. Atmospheric railway tube first tried hy Mr hlelli^h at Brighton. 
tSZ5. Opening of the Stockton and Darlin^on Railway, for passengers aa\ 

wdlns minemls. 

1526. Locoraotives first used on Slocltton and Darlington. — Act for Liverpool 

and Manchester Railway obtained. 

1527. Passengers first conveyed on Scotch railway, Monkland and Kirkan- 

liUoch, and Glasgow and Gainkirilt lines. 
1S2E. Edge rails inst^d of flat rails adopted ort French miucrai niilwaj's.- 

FirE.t American locomotive qonstnicted. 
iS2g. Competition of locomotives, Liverpool and Manchester Rnllway. 
1S30, Opening of Liverpool and MaJicheater Railway, and final Iriumpl- 

of the locomotive. 
1831. Newcastle and Carlisle Rail-may b^un, first line from east coast 

■wesL 
1S32. Dundee iind Nevrtyle Railway opened, rising 540 feet in 1 1 mile 

WOrUed by rope tmction. 
1S3J Act for London and Birmingham Railway obtained. — First subarbaa 

railway begun, Londcn to Greenwich. 
1S34 First passenger railway in IreL-ind, Dublin 10 Kingstown. — The I3clgiaa j 

railway system commenced 



Annals of Rail-ways from 1815 io 1866, lOJ 

1S35, Pinkus's Atmojpheric Kailway tried near London.— -Firet broad-gauge 

Un-e sanctlonctl, 
1836. Railway cciinmenud from Camden Town to Snowhill, and tLbandoEcd. 

— Acts for the ^Cidland and E^^lcm Couclies^ lines passed. 
iS37. Great railway activity in pailiaDienl,, forty'two ads passed. — Grand 

JuiiEtion. Railway opened. 
183S. Opening of London and Birmiiigham Railway tliroughout.— System of 

' tlirough tidtels ' established. 

1839. Pirst poriion of broad gauge -Opened for traffic, London to Msidcnhca^. 

1840. Blattwall Railway opened, rope traction and -etectrlc signals. — C!e^ 

and Samuda's Atmospheric Railway tried. 

1841. Board of Trade first obtained control over railways. — Brtglitofl arid 

Great Western lines fully opened. 
1S42. Railway C luring -liouse system c&mmenced. — Edinburgh and Glasgow 

Kailwny opetied. 
1S43- First almospheric railway opened foi trafSp, KingstQWii and Dalkey. — 

Suudi-Eastem and Easlem Counties' lines opened. 

1544. First line sanctioned to cross the Border, North British. — Parliamentary 

trains established. — Eastern Counties' gauge changed from 5 feel to 
4 feet Sj inches. — First great raUway amalgamation, the Midland. 

1545. 'Eatlle of the Gauges,' in and out of parliament.— KighciC price* I 

kaown of the chief companies' shares, — Lo-iigest railway ChuhbI 
finished, at Woodhead, 5 ig2 yards. 

1346. The great Vicioria Railway Bridge at Montreal planned. — 600 raHway 
bilb in the Houir of Commons. — Uroad-gange express began to 
nin frora Loudon to Bristol in 2\ hours. — London and North- 
western Railway Company formed by amnlgiimition. 

J347. Atmospheric system adopted on parts of South Devon Railway, 
— 1000 railway acts passed dowtl to this year, for 13,000 miles of 
railway, of which only 3000 open, 

1848. /^aoOiOOOjOm spent upon railways to this year,— Railway insurance 
syitem planned. 

1845. Atmospheric system wholly abandoned, — Raisitig of th« Menai tubes. 
— By this year, iCo railway companies had been amalgamated into 
22. — First line planned for India. 

1850. Cotl traffic to London by Great Northern Railway organised. — Menai 

tubulaf bridg;! fiiiishciL — Tweed viaduct opened, — 2000 railway 
stalians at work in United Kir^dom. 

1851. Tlirough tickets established between England and Ireland, including 

sea-passage. — .Average distance travelled by every passenger fouad 
to be iS miles, and average fare 25d. — Great Exhibition supposed 
^., to hftve brought ^fioojooo to the railw.iy companies. — 5000 peiBons 

B| brou.ght by Great Western in one train, of 150 carriogcs. 
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iSjz. The Alps first crossed by a locomotive at the SfSmraermg Pass. — The] 
grand railway hot^rl opened at PaOdinglon. — 55 railway acLs. 

1853. Robert Stephenson determmed the plan for the great Victoria Bridgfl-l 
at Montreal. 

iSji^. Works of Victoria Bridge commenced. — 82 railway UUs passed. — 223 
pcTsons killed and 453 injured by railway accidents. 

iS55. The bcomolivc first crossed Niagara. — 8050 miles of railway open To 
Iraffic in ihe United Kingdom at ihe begintilng of tlie year. 

1S5& Estlmnted to be 32,000 mile^ uf railway commenced in Europe, tt\ 
■whicli three-fifllis finished and open. 

185^. 104 railway tills brought in, and S4 passed. — Total capital of all tilt ] 
companies, ;£^346,0O0,00O, of which jf30<(,OiXl,00& had been raisedl 
and spent. — Espcriments 'began on the great Mont Cenis tunnd. 

tS^S. 70,000,000 passengers travelled by railway in Eialf a year, travcUineJ 
1,050,000,000 miles, and paying j^13,dcio,ooo foi.' iheir tickets. — AJ 
sum of ^£23,000,000 spent by lliis time on raiUva-ys in India. 

1859. Victoria Tubular Bridg;e opened. — The Ithine crossed by xa-ilway at 
Colog^nc. — Finishing of Bruners Albeit Bridge over the Tamai^ 

1S60. Aliout lOiOOO miles of railway open in the Unite-d Wngdom, and 
2S,ooo in tLe United States, at tlie beginning of the year. — SiS 
railway acts passed in the last ten years, 

iSSi. Boring of the -Mont Ce-nis tunnel commt^nced at the south end- 
Railway bridge over the Ebro fniished, 

186a. Bridge over the Rhine at Mayence opened — First imdeigrotmd rail^ 
way (Metropolitan) opened. — Mont Cenis tunnel at north end begun. 

1863. 205,000,000 passengers conveyed on 12,000 miles of railway, by ^ 
4,700,000 trains, which ran 117,000,000 roiled.— ^32,000,000 pddfl 
for conveyance of passengets, live-stock, goods, and minerals- ^B 

1S64. Capilal spent on railways in the United Kingdom, j£425, 000,00(1 — 
296 railway bills came before parliament, of which 201 passed. — ■ 
417 miles of new railway planned for the metropolis alone. 

l2A^. Railway iTOiT Mont Cenis commenced. — Pneumatic railway under the 
Thames ^ncdon^ed. — Railways ope^i ^ ''^^ Umted Kiiigdoial 
increased to 13,400 miles.^ajo new railway acts passed. 

tS6G, The Scotch. lines fronn Carlisle to Aberdieen ali under one compaiiyj by 1 
amalgamadon. — Continuous nil open from Peniance, near lJiJid*i.l 
End, Co Booac Bridge in Sutherland shire, 845 miles. — Opening ofi 
Cannon Street Station. — ABcertained espenditure of /■4,ooo,ooo 
on two miles of railway to Cannon Street and Charing Cj'vss, 
incltldLUg the bridges and stations. 
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CHAPTER II. 



STEAMERS. 



§ I. SHIPS or EARLY NATIONS. 



rpRAVELLlNG by river Or sea woiiM naturally suggest 
A. itself to all except the inhabitants of regions in the 
heart of a large continent The very floating of trunks of 
trees on tlie water would give a hint to the first shipwrights; 
while a little study of the movements of a fish, combined 
witii the pt'cujjar shape of the fish itself, would fwnjisli some- 
thing like a pattern for the prow, the bows, the quarter, the 
run, the stem, the oais, and the rudder of a floating vessel 
A single plank to which the navigator clings, like the surf- 
sttTmmers of some of Che Sandwich Islanils ; a hollowed trunk 
of a fallen tree; beams or planks lashed together to form 
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a raft; the pottery-floats of Egypt, consisting of eartliea i 
covered with a flooring of bulmahes; planks of acantlius-wood, 
lapped over and pegged like the slates of a house-roof, with fl 
papj-nis leaves, to form a sheathing and an awning ; a framewort ™ 
of willow, covered with skins ; wooden-ribbed vessels^ with 
similar skin-coverings j a canoe with a skin-deck, which wraps 
round and encloses the lower part of the navigators body; the 
double amoe of two hollowed trunks, with planks stretched across 1 
from the one to the other; long polc3 tied together with whale 
sinews, and covered with sea-dog skins — all were primitive formal 
of boat, and most of them could probably still be found among | 
the ruder tribes of the earth. In countries intersected by 
numerous rivers, the traveller adapted himself to land aod water j 
travelling with equal facility; his ass carried the boat by landaj 
his boat carried the ass by water. 

To make a wind-bearing surface accommodate itself to the 
particular direction in which a navigator wished to move, was _ 
an achievement dependent on many experiments. Whether ta H 
have one, two, or more masts; whether to fasten one or more 
sails to each mast ; whether to cairy tlie masts to a great or a 
small height, and to make the sails large or small ; whether th^S 
sails should be square or triangular; whether to cause them to 
veer round the mast, or to slide up and down it — were points 
that could only be determined by patient study. One by one, ■ 
the component clemetits of a complete ship — the deck, the^ 
rudder, the anchor, the cables, the rigging, the cabin — ^were 
invented, by gradations, whtch it would be vain to diink nowj 
of tracing. 

Commerce and war have ever been the most active pursuits 
of nations ; and commerce and war in early times led to the 
division of ships into two classes, planned in special relation to 
the services which they were intended to subserve. The war-^l 
ships of the auclents, the galleys, triremes, and other varietie$^B 
were propelled by oars rather dian sails ; there were not only 
long rows of oarsmen, but sometimes two or more tiers one over 
another. Many of the war-galleys had beaks or projecting 
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prows, constructed for the sanie purpose as the rams of later 
days (' There is tioiting new under the sun 1') — tliat of dashing 
into the enemy, and shattering his hull; white, on the other 
hand, strong timbers were so placed as to guard against a rcta- 
lianon by similar means. On these vessels were stages, plat- 
fonus, and turrets of various kinds, to be occupied by archers, 
javelin-raen, slingers, and men provided with heavy stones to let 
iaU upon the enemy. The commercial ships, in those early 
days, were made shorter and toundet than the war-galleys, to 
enable them to cany more cargo, passengers, and luggage j 
they were very fiat-Lottomed, and drew bitt Jittle water. 

The Greeks are credited with the first employment of decks 
over the ranks of rowers in the galleys, to facilitate the 
ttianCEUvres of armed men. The Phtenician and neighbouring 
nations employed for commercial purposes ships without keels, 
broad in beam, flat in fioor, aod rounded at tlie ends, Two 
motives actuated the builders in gradually introducing keels — 
to &ci]itate the fastening of the bent ribs which formed the 
iiamework, and to enable the ship to cut more swiftly through 
the water. The planking which covered the frame was fastened 
to the ribs by iron bolts ; and there is reason to believe that the 
dovetaihng of short timbers, to make a sttong timber of greater 
length, was noLunknown to the early shipwrights. 

The early nations gave class-names to their ships depending 
on the countries to which they belonged, the ports whence 
they sailed, or the purposes to which they were applied. The 
individual names, given to single ships without any regard to class 
or kind, were as fanciful and heterogeneous in ancient times 
as at present— n'hen we find tlie names of gods rtnd goddesses, 
saints and martyrs, popes, euaperors, kings and queens, princes 
and princesses, naval and military heroes, poets, dramatists, 
novelistSf painters, sculptors, actors and actresses, musicians and 
singers, fairies, furies, magicians, spirits of good and of evil, plants, 
flowers, t^ees^ fruits, gems and precious stones, planets and satel- 
lites, asteroids and stars, countries, rivers, seas, oceaiis, islands, 
takes, mountains, towns, counties — all brought into requisition. 
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The ships with which the Britons opposed the landing of 
Csesar tvere flatter than those of their opponents, fitted for 
sailing in tidal harbours and along shoal coasts. They were 
very elevated at prow and poop, or head and stera, a precaution 
deemed necessary against stormy seas. The Saxon pirates 
who troubled the North Sea or German Oceanj had ships 
with wicker fiameg and hide- sheathing ; they differed from 
the coracle in having wooden keels, which facilitated their 
more rapid progress through the water. , At a later period, 
the Anglo-Saxon ships were single-masted; they had a square 
sail, a curved bottom of floor, and the prow and poop much h 
decorated. Under Canute, tlie Danish vessels were on some f 
occasions so large that ihey woiakl carry a hundred armed 
men each ; the mast and other parts of the vessel were often _ 
sumptuously decorated. H 

prom the time of the Norman invasion, the advance of 
ahip-building in England was steady and continuous. The 
Norman galleys, goo in number, which brought over William 
and his valorous companions, were small, scarcely accommo- 
dating twenty men each, The ships with which Richard Cteur 
de Lion gaiaed notoriety m the seas around France aod in the 
Mediterranean, appear to have been the largest and best of 
those days. Under the names of busses a.ad. dromotis, these ■ 
Vessels were, in some instances, thlee-masted, spreading a 
greater area of canvas to the wind than had before been 
known. About the time of Edward IIL, English war-vessels 
had undergone a considerable change, so as to resemble rather _ 
a modem ship than an ancient galley. The length was reduced, I 
the prows and poops raised to a greater height, the ijaming 
of the hull more skilfully constnicted, and the boards forming 
tlie outer planking lapped instead of joining with flash edges. 
Two masts were often used; and the square sails and the yards 
were planned for reefing and unreefing much more rapidly 
Uian had been possible in the oldej galleys. A bowsprit was 
now for the first time used. Meanwhile, tlie galleys of the 
Mediterranean underwent little change. The modem Venetian , 
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gondola is an application -of the galley of those days to the 
canals and narrow channels that separate the small islands 
whereon the city of Venice is built. 

When gunpowder was introduced into jiaval warfare, the 
sides of ships required to be higher than before, to give space 
for the guns and gunners. At first, the guns were fired over the 
side or gunwale; but an improvetneut was effected by making 
port-holes tlirough which the shot might pass. The top timbers 
or upper part of the sides being made usually to incline inwards, 
gave a lumpish, heavy appearance to the ^a/faiHs, as such 
modified galleys were termed. The Venetian ^afieas was a 
still lai^er vessel of the same kind, sometimes widi three masts, 
and carrying guns at the head and st^m as well as on the 
broadside. One by one, various improveraeuts were introduced 
in the forms and fittings of ships. The forecastle, the ' castle 
nf the king," was lowered, to render it more useful as a dect ; 
the pilot, originally perched on a stage near the topmast, was 
furnished with a steinding-place of leas perilous kind ; the 
Iwwsprit, having been found useful as a means of supporting 
or f:istening additional sails, came into general use ; three 
masts became common, and four were not unfamiliar; -while the 
comfort of the officers and crew was studied by the construction 
of a cabin neaj the stem, and a rUder cabin under the forecastle. 
Gradually tiie size of merchant-ships as well as of ships-of-war 
was iDcrensed. Even befote the end of what we are accustomed 
to call the middle ages, Bristol sent forth trading-ships called 
carricks, sometimes si.>£ or eight hundred tons burden. 



§ IL VOYAGES OF EARLY NATIONS. 

The early navigators were timidj in fear of dangere which they had 
not learned to conquer. To sail only in summer; to start only 
when winds and waves were favourable; to invoke the special 
protection of some deity or deities, when a voyage was about to 
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he commenced ; to regard with superstitious hopes or terrors 
numerous omens which cannot even be imagined at the present 
day; to draw up and anchor in some cove at night, rather than 
brave the dangers of the open seas after dark; to keep within, j 
sight of the shore ; to land frequently for provisions— these weri^B 
the maxims which governed ttiem. It was only after numerous 
discoveries in science and inventions in art had been made, 
that mariners ventured out of sight of land. When it becamft'J 
known how re|rular in their revolutions are the sun, moon,-" 
planets, and stars, men were able to lay down rules for deter- 
mining tlie course of a ship at sea, and the distance and bearing 
from known ports and headlands, by the relative positions of the 
heavenly bodies- Many special rules — the appearance of sea»H 
birds, the prevalence of particular kinds of fish, the surges and^ 
breakers that denote the vicinity of the coast, the appearances 
of the sky and clouds, the vicinity of headlands and coast-clifFs, 
the shaliowiiess and nature of the Soundings, sudden changes in 
the temperature of the air or direction of the wind— were sij 
that possessed much value before the compass was brought 
the aid of the mariner. 

Whether the inliabitants of China or India knew anything of 
navigation earher than tlie dwellers on tiie shores of tlie MedJter-J 
ranean, we huve DO certain means of judging;. but the most 
ancient reliable records certainly give the precedence to the 
latter. The Phcenicians and Cartiiaginians were early navigators 
of the Mediterranean; and the merchants of Tyre and Sidon 
are credited with the trick of exaggerating the dangers and 
hotroTs of the seas, as a means of deterring others from embark- 
ing in enterprises which would disturb a profitable monopoly. 
There is historical testimony to the voyage of Scylax, at the 
desire of Darius, down the Indps, westward across the IndiaitlH 
Ocean to the African coast, and up tlie Red Sea ; to the attempt 
of Sataspes, in the time of XerseSf to sail doivn the west coast 
of Africa; to the voyages of two Carthaginian fleets, one under 
Hanno down the west coast of Africa, the other under Himilco 
up the west coast of Europe; to Uie voyage of Pytheas, 
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Massiliao, up the Atlantic coast 33 far as Britain, Norway, and 
Iceland; to the voyage of Ncarchus, at the command of Alev- 
jnder, down the Indus, across the Indian Ocean, and up the 
Persian Gulf to tiiiC mouths of tliG Tigris and Euphrates ; and to 
the abortive attempt of Eudoxus to circumnavigate Africa. 
Opposed by the hostihty of the Egyptians and Ethiopians on 
the western shores of the Red Sea, and of the Syrians and 
Arabians on the eastern, the Phcenicians tried to get across the 
Isthmus of Suez to the Red Sea by selecting some landing-place 
J5n the Mediterranean coast, and establishing a system of land- 
transport dience across the isthmus to Suez. Two sets of 
voyages were thereby placed in aid of each Qthetj one from the 
Asiatic to the African coasts of the Mediterranean, the other 
Crora Suez down the Red Sea to the Indiarn Ocean. 

Discoveries of various natural phenomena were of vast aid in 
developing nnvigation. The Roman masters of Egypt^ in the 
time of Claudian, are said to have been tiie first to avail them- 
selves of the mmtioons, a modification of the trade-winds, in 
traversing the Indian Ocean. Another discovery, arising out of 
the knowledge that the earth is globular, was that imaginary 
lines of latitude, crossing imaginary lines of longitude, 'will serve 
to define the positions of places on the earth's surface, enabling 
mariners either to lay down such places on maps and charts, Of 
to describe them by a few numerals. Ptolemy was the first to 
render tliis metliod useful about the second century of tlie 
Christian era. 

During the middle ages, navigation groped its way, like most 
of the arts, slowly and laboriously. The Arabs, for some 
caituries, took the lead, inheriring what was left of the 
enterprise that had fonnerly distinguished some of the nations 
Ifordering en the Mediterranean. They established regular 
voyages between the Persian Gulf and India, to some extent 
competing with the Red Sea trade. They seem to have rounded 
Ceylon, and visited ports on the eastern coast of India. Two 
centuries later, they reached as far as the southern confines 
of Cliina, from which vast and rich empire stores of merchandise 
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■were brought to Bassora, there to "be cxcliangoi fof Eu.ropean 
goods. An account is extant, in the works of Edrisi, of an 
expedition made ia the twelfth century by some Arabs, which 
is believed to denote the fact that the mariners reached 
the Azores and Canary Islands. 

The nations and states which were gradually formed in 
Italy out of tlie wreclt of the old Roman empire, grew, in some 
instances^ to great maritime importance. Venice \vas the most 
prominent among them. The Venetians began by sending out 
trading-shi])S to neighbouring ports; then they sent war-galleys 
to accompany and protect the trading-ships; and thus they 
developed a controlling power thrOughotit the eastern half 
of the Mediterranean. Under the famous doges, Micheli and 
Faliero, fleets of two hundred war-galleys were sent out to take 
part in the Crusading expeditions ; and a third fleet of the kind 
defeated the Byzantine fleet under Baibarossa, 'I'heir success 
in trade enabled the Venetians to bear the cost of these 
armaments. In the twelfth and thirteenth centuries, Venetian 
ships brought the treasures of the East — gold, silver, silk, spices, 
diamonds, aromatics, drugs, dyes — to England, at a time when 
OUT own commercial marine was barely developed. The 
Venetians, though occasionally equalled by the Genoese, con- 
rinued to be the dominant maritime power in the Mediterranean 
until the latter half of the fifteenth century; when the discoveiy 
of new ocean routes by the Spaniards and Portuguese gave a 
fonnidable check to Venetian leadership in the interchange of 
European commodities for those of the distant East, 

These new ocean routes mark the most important epoch, 
perhaps, in the history of sea-travel. The thirst for wealth has 
always been the leading motive to geographical discovery; and 
it was not less observable in this instance than in othera. The 
Spaniards and Portuguese resolved to search for a new route to 
India by way of the Atlantic and Soutliem or Indian Ocean. 
The magnet or loadstone, by whomsoever discovered, became 
regularly employed as a nautical aid in the fifteenth century, 
and justified mariners in departing and remaining out of sight 
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off, Itfu] with a boldness not peimitted to those who guided their 
^ps merely by observation of the stars; and about the same 
time various instruments were invented for taking altitudes and 
measuring arcs of the meridiaji and horizon. The Portuguese, 
under die direction of Prince Henry, extended their knowledge 
wf the West African coast iis far south as Cape Bojadof. 
Towards the close of the century, Bartholomew ]i>iaz made 
'Sac celebmted voyage by which he discovered the ' Gape 
of Storms,' a name chang^ed by Jolm, king of Portugal, to ' Cape 
of Good Hope.' The still more notable voyage of Vaaco de 
tJairta finished the work done by Bartholomew Diaz. Just 
before tlie close of the century — that is., in 149;, 149S, and 
1499 — VascQ not only doubled the far-famed cape, but spanned 
the ocean from thence to India ; giving to the Portuguese, in 
ibe magniloquent potency of the pope's rescript, supreme 
possession of all the countries tliat might be discovered in the 
Indian seas. 

The Spaniajds marked out for diemselves a scene of maritime 
glory in another region. They sought westward across the 
Atlantic, rather than round tlie Stormy Cape. Cohunbus found 
favour with Ferdinand and Isabella in regard to a plan he had 
foniied Cor discovering new lands. He imqueationably visited 
islands in the so-called West Indies, and coasts in CentrEd 
America, which had never before been seen by Europeans ; and 
his narrative of these expeditions, which took place in 1492 and 
149J, shewed clearly enough that a patliway could be traced 
across the broad Atlantic, even with the small and ill-litted ships 
of tliose days. Then ensued die discovery of Newfoundland, 
in 1497, by Sebastian Cabot; the voyage to Brazil and the 
mighty river Amazon, in 1499, by Pinzon; the adventurous 
voyage of Eilboa, in 1503, to Darien, and the journey across the 
istlimus, till he gazed upon the mnjestic Pacific Ocean; the 
discoveiy by Magellan, in 1520, of the South American strait 
whicji bears hia name; the bold voyage made by some of 
Magellan's companions directly across the Pacific to the 
PhUippines, and so home round the Cape of Good Flope — the 
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first real circumnavigation of the globe; the discovery by 
Aiterigo Vespucci of new port!on.s of the South American 
coast; and the voyages of Ponce de Leon to Florida, and of 
Girjalva to Mexico. It will thus be seen, that while the, 
Portuguese honourably distinguished themselves by making the 
daring voyages which established an eastward route to India 
round the Cape of Good Hope, the Spaniards were at least 
equally active in western research across the Atlantic andf 
Pacific Oceans. 

England was of course not inactive duriug these centudes, 
though her maritime daring did not so early manifest itself in 
distant seas. Of the discovery of America in the ninth century, 
by the ' hardy Norsemen,' we knOw too httle to speak wi 
certainty; nor, indeed, throughout the long range of centuries 
down to the days of Frobisher, Diake, and Cavendish, was there 
any great amount of distant geographical discover}' or ocean- 
voyaging made by the English or their neighbours. Drake was? 
the first Enghshnian — Magellan's companions having been tlie? 
first of any country— who circumnavigated the globe; )ie went 
round Cape Horn, followed the west coast of America as far up 
as California, crossed the Pacific to the Spice Islands, and sO' 
homeward round the Cape of Good Hope. Davis, Baffin, and 
Hudson made their adventurous attempts to round the northeni 
extremity of America aa a means of reaching the Pacific Ocean 
and the Indies; they failed, but they discovered the straits and 
bays which have been named after them. 

All that has been done during the last three centuries to 
increase our knowledge of the eartli's surface by long voyages 
in sailing-ahips, has been but the legitimate filHng-up of an 
outline already prepared. Little by little, all the coasts of 
the new and old continents have been laid doivn in our maps, 
together with those of the Australian and Polynesian groups of 
islands, and alraost countless islands in other oceans and seas. 
Ship-builders had every itidutement to make thdr ships botll 
roomy and swift, that they ralj^ht accommodate a large amount 
of cargo, and might, at the same time, return more profit by 
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coinpleting their voyages in a short period. Hence Ihe splendid 
Indiamen butlt in the old days of the East India. Company, and 
the still more splendid American ' liners' that ran {and still 
continue to run) from London and Liverpool to New York, 
and the Aberdeen 'clippers' that have ivurkcd so well iti the 
China and Australia trades. One of the grandest sights on the 
sea must be a first-class sailing-ship, with all canvas spread, 
borne Swiftly and steadily hy the trade-winds across the mighty 
Pacific, 

Perhaps the most exciting work in which such ships are ever 
now engaged is the maintenance of an ocean-race of 15,000 
miles, such as that which is run by the China tea-ships in the 
summer of each year. The London tea-brokers, in order to 
get the new crop into the market as soon as possible, offer a 
prire of ^500 to the officers and crew of the first tea-laden ship 
which reaches the Thames. In 1S66, nine such ships left 
Foo-chow-foo between May 29 and June 6; they were not very 
large, %"ajying froni 6S6 to S53 tons register; but tliey were all 
very fast, five being Clyde builtj three Aberdeen, and one Liver- 
pool. Sometimes the ships sighted each other, sometimes diey 
were mutually invisible; but every yard of canvas was spread 
whenever the wind permitted. It was a wonderful race ; for the 
Tarpiig, Ariff, and Serka all entered the Thames in one day 
(September 6)— nay, all between g'45 and 11-30 in the evening, 
^ the odier six ships being further from the winning-post. 

Unquestionably, the greatest of all improvements in navi- 
gation — next, perhaps, to the introduction of the mariner's 
eompass — was the application of stmm-power as a substitute 
for sails. Oars are of use only so long as there are hands 
available to wield them ; sails are available only so long as there 
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is a "breeze to filE tLem ; "but a steam-engine is never tired, 
worts on whether there be wind or not. 

Attempts were made to move boats by revolving paddles long 
before tlie steam-engine was invented. Tlie ancient Egyptians™ 
are believed to iiave navigated boats on the Nile by causin^^B 
paddle-wheels to be rotated by oxen; and wheel-boats, more or 
less similar, were used by ttie Romans aad the Chinese. Prince^ 
Kupert worked a wheel-boat on the Thames by the aid of 
horse; and Captain Thomas Savery effected the same thing bj 
rotating a wheel tlirough the medium of manual labour. A^ 
Swiss pastor named Genevois, in 1759, hit .upon an idea that 
the web-feet of aquatic birds might advantageoui^ly be imitat-ed.^ 
Earl Stanliope, some years later, sought to improve upon thiEiH 
project by applying duck-feel paddles under die quarters or sides 
of a bo3t; but he could not induce his duck's fett to fold with, 
sufficient ease at the riglit moment- — a fault which Kiused th« 
to retard the progress of the boat. 

It is now pretty well agreed that no one person solely invented 
steam -navigation ; there were many successive inventions. 
towards which many minds contributed, A claim is put for- ■ 
ward, on the authority of a manuscript by Samancas, to th^| 
invention of a steam-boat by Blasco de Garay, a Spanish sea- 
captain, so far back as 1543; but both iotemal and external 
evidence tell against its authenticity. Anotlier claim has been 
put forward for tlie eccentric Marquis of Worcester, whose, 
Ctniury of Invrntions, ivrltten in 1665, contains many descri^ 
tions or 'propositions,' which would certainly bear the inter-J 
pretation of a steam-engine with a piston and a lever employee 
to propel a boat; although there is no evidence tliat he ever 
constmcted such an apparatus. Papiu is considered by lh« 
French to have invetited a stestn-boat; and so he may in theOry,j 
but not in practice. Dr John Allen, in 1 730. described a plan^ 
for propelling vessels by forcing a stream of water out of a pipe 
at or near the stem; steam being employed to force tJi* 
water, aod the vessel moving by the reaction produced. Jona-' 
than Hulls obtained a patent in, ^736 for a tug-boat worked by 
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ateam; the steam-engine comTnunicated its power by means of 
a lope to a kind of poddl-e-wheel attached to the vessel which 
was to be towed. In 1774, the Comte d'AuxJroD tried a small 
steam-boat on the Seine ; but it had not sufficient power to move 
the paddtcs properJy, la 1775, Perier constmcted a boat, in 
which a litde engine of one-horse power worked two paddle- 
wheetsj which drove the boat slowly along the Seine. In 1781, 
the Marquis de Jouffioy tried a boat of much larger dimensions 
on the river Saone ; it was 130 feet long, ha*l two paddle-wheels', 
and was more effective tlian any which bad preceded it. And 
in T7g6, M. des Blancs, a watchaiaker at Trevoux, obtained a 
French patent for a steam-boat, but never worked it. 

We now come to Scotland, to which the real, effective, prac* 
tical invention of the steam-vessel may be more justly attributed 
than to either England or France, Mr Patrict Miller, a banker 
3t Edinburgh, about the yea-r 1787 invented a double-boat, with 
a paddie-wheel in the rotddle ; but it was not a sieam-hant, for he 
employed a man to work the wheel. Anodier double-boat, with 
two men tq work two wheels, ran a race agaitist a fast-sailing; 
costom-house boat. The ^3000 which Mr Miller spent in 
these inventions was not wasted, seeing that they led immediately 
to important modifications. Mr James Taylor, a tutor in 
Mr Miller's family, had assisted him in his experiments, and 
now suggested the application of a small steam-engine to super- 
sede the labour of a human wheel-turner. Mr Miller, entering 
tato the plan, employed William Symington, a mining-engineer 
at the Wanlockliead lead-mines, to make the engine. A little 
one-horse power steamer (still preserved in the Andcrsonian 
Museum at Glasgow) was built, and was propelled at a rate of 
five miles an hour upon a lake near Mr Miller's house at 
Dalswirtton in Dumfriesshire; it was a double-boat, with the 
engine on one side, the boiler on the other, and the wheel 
between them. This experiment, made in 17S8, encouraged 
Mr Miller to buy one of the boats used on the Forth and 
Clyde Canal ; he employed SjTnington to plan a twelve-hotse 
power engine suitable for it, to be made by the Carron Iron 
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Company. It was sa far successful, that clie steam-boat tugged 
a hesvy loa.d on the cana.1 at a speed of seven miles an hour. 
This was in 1789. Nothing further was done by the three 
iagenious men conjointly. Symington, however, when, after^ 
several years' service as an engitieer, he had advanced in hiiJH 
profession, made and engined a boat in iSoz, which drew two 
laden barges on the Forth and Clyde Canal, each of seventy- 
two tons burden ; it wCtit twenty miles in six hours, against ^^B 
very strong wind. The steamer was short, and had a horizontal*™ 
engine, which worked a single paddle 3t the stem by means 
of a connecting-rod and crank. Amongst those who visite 
and inspected his vessel was Henry Bell, whose ingenuity w< 
shall have occasion to notice presently. 

Attention must now be directed lo what was achieved bj 
-Americans towards the development of steam-navigation. In 
1783, Mr Fitch propelled a steam-boat on the Delaware by 
paddles, and made strenuous efforts to get his invention taken- — 
up by the authorities. He was unsuccessful; but he prophesiedlH 
tndy in saying that 'the time will come when steam-power 
will be employed for crossing the Atlantic' In 17S7, Mr 
Rumsey devised a boat about fifty feet long, in which a steam- 
engine pumped in water near the bow, and drove it out near the 
stem : the boat moving by the reaction thus produced. With 
this he drew a boat with a weight of three or four tons, at fottr 
tntles an hour, up and down the Potomac. Runisey afterwards 
2>ropQsed a mode of employing steam-power to drive a pole 'fl 
obliquely against the bed of the river, and so propel the boat, ' 
The next American in the field was Robert Fulton, who was at 
Paris about the time when M. des Ulancs was engaged upon 'H 
his patents. Like him, he experimented on the possibility-" 
of propelling a boat by means of paddles attached to an endless 
chain, the chain being stretched over two wheels projecting 
fi^m the sides of the boat. Fulton, however, soon abandoned 
this plan, and adopted a wheel instead of a chain. In or about'l 
ijgg, Fulton entered into a new project with Mr Livingstone; 
they placed a la::ge steam-boat on the Seine, whicli, breaking in. 
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the middle, through w^alcness of construction, caused them to 
build anotheij iimdi larger and stronger. Fulton paid many visits 
to England and Scotland, and was present at some of S>'niington's 
experiments. Symington afterwards, in a written narrative, states 
that Fulton obtained all available information from him, and 
adopted his contrivances without making the slightest acknow- 
ledgment of thera. Shortly before this period, John Stevens, of 
Hoboken, Neiv York, built a boat twenty-five feet long, with a. 
small engine and boiler of extremely ingctiious construction ; 
the tiny steamer went along: at four or five nailes an hour. In 
i8q4, Oliver Evans, another American, formed a Steam-boat by 
attaching a paddle-wheel to a sort of steam-dredge^ to which he 
gave the grandiloquent name Ortthtcr Amphibdss ! In 1807, 
Futton made a new steamer,, with engines by Boulton antj Watt 
This vessel, the CknmtU, astonished every one by making a 
voyage up the Hudson from New York to Albany, a distance of 
150 miles, at the rate of five miles an hour. It was the first 
voyage of such a length ever made by steam-power. The 
Albany people had never seen a steamer ^ and the new-comer, 
seen in seroi-darkness, was described as ' a monster moving on 
tile water, defying the winds and tides, and breathing flame and 
Smoke.' Dry pine-wOOd was used fqr fuel, and this gent forth 
flames from the funnel, which greatly increased the terrific 
appearance of the monster. The Clermont was 13S feet long, 
rfi wide, 7 deep, Oo tons burden, with iron paddle-wheels 15 feet 
diameter — in short, it altogether eclipsed everything that had yet 
heen produced in this class of naval architecture. The CUrmont 

I made m;my voyages to and fro in that year and in iSoS ; the 
voyages were hon& fidi commercial transacti^ons — passengers in 
good number pajing high fares. Stevens was the first to make 
a fiw-voyage by steam; he went in a new steamer from New 
York to the Delaware, and introduced so many important 
injprOvements as to attain the astonishing; velocity of thirteen 
miles an hour on diat river. 
Once again we return to Scotland, to notice the useful labours 
of Henry BelL Having known Miller, Symington, and Fultqn, 
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and collected a good deal of information on die subject, he 
caused a steamer to be built on a model fujn.!shed by himself. 
It was a tiny affair, only 40 feet long, toi wide, 25 tons burden, 
fitted with a steam-engine of three-horse power, and carrying 
paddies; there was a single cylinder, the piston acting oa a 
crank which moved the paddle-wheels ; and the paddles them- 
selves were something like tnalt-shovels. Mr Bell called his 
little bait the Comet, because it wa!i built in the comet year, 1811. 
Being proprietor ,of a hotel and bathing-house at Helcnsburg, he 
conceived the idea of employing his steamer to bring visitors to 
and from Glasgow. The Comd began to run regularly in iSra, 
and condnued to ply throughout the summer. Other steam^s 
soon eclipsed it; but the world mu^st not forget that this 
paiie stcara-boat was the first that plied in Europe for regular 
passenger traffic. In JS13, Mr Hutchison placed the steamer 
Mlizabdh on tlie Clyde ; it was a well-built Craft, able to cany 
a hundred passengers, at a speed of seven to nine miles an hour, 
and at a chaise one-third of the coach-fare from Glasgow to 
Greenock. The scheme was SO successful, that steam-navigation 
on the Clyde became, thenceforward, fi.nnly established. About 
the same period, Mr LawTence introduced a small steamer oa 
the Severn, and Mr Dawson another on the Thames. In 1S14, 
Mr Dodd was the first to make a sea-voyage by steam in Europe ; 
and a very perilous voyage it was. He undertook to bring 
round, from Glasgow to London, a small steamer of 75 tons 
bm^en, and 16-horse power, called the Thames ; he worked his 
way by steam and sail, and encountered terrible difficulties in 
the Irish Sea. From that time, the progress of steam-navigation 
was exceedingly rapid- In 1820, Engiand had 17, Scodand 14, 
and Ireland 3 steamers. The regtUarity, speed, and safety with 
which the voyages of these vessels were made soon pointed 
them out as the best conveyance both for passengers and die 
mails. In rSai, they were employed oa the latter service 
between Dublin and Holyhead, and between Calais and 
Dover. 
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After the steam-boat had thus passed thraugh the various 
stages of iqfancy and childhood- — had tried its strength on 
English rivers, in the Irish Sea, amd in the British Channel^ — 
meQ be^n to ask, v.'as it not strong enough and reliable 
enaugh to do mOrC ? Could it not cross an ocean as well as a 
channel?— take letters, and men, and merchandise to America, 
India, and Australia, as well as to Ireland and France? 
In this question were involved considerations of the highest 
importance to all the world, biit paTticulariy to Great Britain, 
from her extensive foreign possessions. With the exception 
of the United States^ all the colonies planted by the British 
rematn part of the empire; while Spam and Portugal have lost 
nearly all thoiiC rich territories — extending over the fairest portion 
of the great American continent — that at one time acknowledged 
the sway of the Houses of Bourbon and Braganza. The foreign 
possessions of France are insignificant ; and of the other nations 
of Europe, the Dutch alone jjossess a territory abroad greater 
than they have at home. It is therefore scarcely a figure of 
speech to say, that the British Empire is the greatest in the 
world, for it embraces a territory of nearly 6,000,000 square 
miles, and a population of 200,000,000 — or about one-eighth 
of the landj and one-seventh of the inhabitants, of the globe. 
Nor is it less true to say, that on these great possessions the 
son never sets, for they are scattered all over the world — in 
tropical Africa and Asia, in the temperate zones of both hemi- 
spheres, and among the islands of every ocean; and whether 
occupying a rock, as in Gibraltar, an island, a condncntal pro- 
vince, or a continent itself, as in Australia, their geographical 
position fits them well for npholding the power of tlie empire. 
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The proud position of Eritam atiiong the nations, the necessities 
of her foreign trade, and the wants of her colonies and dependen- 
cies, apart from aH other considerations, rendered il fitting and 
natural that she should kad the way in maritime enterprise. 
Nor has she failed in this high task; for within thirty years since 
the question was first mooted, she has estabUshed lines of 
gigantic steam-vessels that are now traversing witli regularity 
and safety every ocean, 

When it was first proposed, about 1836, to cross the Atlantic' 
by steam-power alone, the idea was deemed illusive. Some of 
the most distinguished scientific men in the country gave a 
verdict against it, and prophesied its failure in no equivocal 
IsDguage. At the command of these philosophers, all kinds of 
spectres rose up from the Atlantic Ocean to terrify the daring 
men who had determined to maie the attempt The action of 
the paddle-wheels on the water — the waves, and storms, and 
currents of the Atlantic — and the quantity of coal necessary to 
be used, were all made the subjects of nice calculations such as 
no person could dispute ; and the theorem they all tended to 
jjrove was, that the project was utterly impracticable. To men 
who made no pretence to be philosophers, the difficulties in the 
way were self-obvious. The distance to be traversed was at 
least three thousand miles of clear ocean, with no intervening 
land where a vessel might run in for shelter or supplies. 
Mariners know well that the Atlantic is not only frequently 
agitated by tenific storms, but that its currents run across the 
track of any vessel sailing between England and America. 
The effect of these currents is such, that while the fine packet- 
ships called ' liners,' by which communication was chiefly main- 
tained with America, could sail from New York to England in 
about twenty days, the time occupied by the same vessels on 
the voyage out to New York was usually thirty-six days. The 
estimated quantity of coal necessary to propel a steam-boat across 
the Atlantic seemed to stamp the project at once as imprac- 
ticable. It was no doubt true that, in iStg, a steamer called 
the Savannakj of 350 tons, had performed the voyage between 
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New York aod Liverpool iti tw-enty-six days ; but this vessel 
used sails as well as steam, and she was a week, longer on the 
voyage thaa the time usii2:Ily occupied by the ' liners,' so that 
her peiformance was neither a precedent jior a guide. But 
there were steam-ships employed on government service in the 
Mediterranean and on other coast-stations, from which data 
wcTe obtained sen-ing to shew that, to accomplish a voyage of 
the same length, as chat across the AtUnticj two tons of coal 
would be used for each horse-power of the engines — that is to 
say, if the engines are of 300 horse-power, they would consume 
600 loas of fu-el before they reached the terminus of a three-( 
tHousand-mlle voyage. But a spare supply must always be*^ 
carried, to provide against accident or delay; so that the quan- 
tity in the supposed case must be r^iiscd to about 300 tons. On 
the other hand, it was said that if the tonnage of the vessel were 
made more than four times its horse-power, the Jatter would be 
inadequate to its propulsion at the ordinary rate of Steam-ships. 
The tonnage, therefore, of the supposed vessel could not exceed 
, 1 20O ; and after moldng allowances for cabins, ship's stores, 
machinery, boilers, &lc. the space left for fuel would not contain 
more than 500 tons, which would all be consumed before the 
vessel ;uTived within 500 miles of the American coast. And so 
the conclusions went forth unchallenged, calling up vivid pictures 
of a magnificent steam-boat suddenly stopped in its career for 
want of fuel, and rolling hke a helpless log on the ungentle 
bosom of the great Atlantic I 

Among mercantile men, again, another great question arose — ■ 
Would the speculation pay? It is well known that a steam-boat 
costs much more than a sailing-vessel, both in construction and 
working ; the sails of the latter ate filled by wind, for which 
nothing whatever is paid; but not an arm of the m?,chinery of 
the former will move until the furnace has been fed with coal, 
never to be had, even at the cheapest ports, without a consider- 
able Outlay of money. The officers and men, too, must be more 
numerous; while the machinery, boilers, and fuel occupy a very 
large space that in sailing-vessels is fdled with goods. The 
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number oi" passengers who crossed the Atlatitic every year was 
certainly very great : in 1836 (the time at which the project was 
discussed) the number might be estimated at about 60,000 ; but 
all, or nearly all, of these were emigrants, utterly unable to pay 
such charg;es as the owners of steaca-vessels would be obliged to 
make. The trade between this country and jVmerica was cer- 
uiinly mast extensive ; nevertheless, in carrying the goods bought 
and sold, no steamer could compete successfully with sailing- 
vessels. Unless, therefore, a remunerative passenger traffic 
i:ould be created by the certainty and speed of the communi- 
cation, and a favourable contract obtained for carrying the 
laailSf it was quite evident that t!ie speculation would nat pay. 

There were, on the other liand, mercantile considerations 
affecting the comaerce of the country, which rendered it clear 
that if the regular navigation of the Atlantic by steam were 
practicable, it was essential to British interests. Nothing is so 
.important in extensive commercial transactions as early and 
regular intelligence, and a quick and speedy transmission of 
orders and goods. Judging from what steamers had already 
done, it was reasonable to expect that they would cross the 
Atlantic in half the time occupied by the old liners; that New 
York would be brought within a ten or fourteen days' voyage from 
London, Bristol, or Liverpool j and that tlie arrival of advices 
might be calculated with certainty to a day, if not to an hour. 
The effects of this, not only on commerce, but on every depart- 
ment of trade and manufactures — not only on the merchant ajid 
broker, but on the manufacturer and artisan — it was difficult to 
over-estimate. 

However, amid all this thinking and prophesying, amid the 
calculadons of philosophers and the speculations of merchants, 
hundreds of workmen were engaged at Bristol in constructing a 
large steamer, to be called the Great Western, which should at 
once and for ever set the questioti at rest The men of practice 
did not share the doubts of the men of theoiy; capital was 
supplied to a sufficient extent, and the public looked on in 
anxious expectation of the result The Gr^t Western iras 
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finisKed in 183S, and announced to sail on her first voyage on 
the 8th of April. The appearance of this magTiificent steamer 
inspired all spectators with confidence in her fitness for the 
work. Seen from a distance, she had an appearance of strength 
rather than of beauty; above the long black hull rose a short 
thick funnel and four masts ; the deck, 236 feet long, was not 
curved like tljose of many other vessels, but almost straight from 
stem to stem ; her huge paddle-boxes, distant from each other 
nearly sixty feet, covered wheels twenty-eight feet in diameter, 
to which were attached paddles ten feet long. The horse-power 
of the engines was 450 ; the weight of the boilers and machinery 
300 tons. She seemed a strong and compact ship, and not 
likely to be easily turned aside from her course by either the 
\finds or the waves of the Adantic But when die visitor went 
on board, he was filled with as much admiration of her beauty 
as of her strength; the cabin accommodation was of the most 
splendid kind, not excelled by any hotel on shore, Sofas, 
couches, handsome mahogany tables, and other elegant furni- 
ture, adorned the saloons ; the decorations were most profuse 
and elaborate ; while large mirrors multiplied all this splendour. 
The sleeping apartments were so neat, so clean, and so com- 
fortable, that iheir improvement seemed to be almost impossible. 
When the elegant and luxurious cabins were left, and a visitor 
stood before the colossal machineryj wonder seemed to be 
exhausted,, and all doubts of the success of the enterprise fled 
away. — We are familiar with such things now; but rfiey were 
rea! marvels in those days. 

The Great Western sailed from Bristol qn the Sth April 1338, 
having on hoard 660 tons of coal and seven adventurous 
passengers. Three days previously, the Sirius, a. vessel of 
much smaller size, built to 'ply between London and Cork, had 
steamed from the latter port right in the teeth of a strong 
westerly wind, and with New York also for her destination. 
Never was there such a race as this struggle of two steamers, 
which should first traverse the entire breadth of the wild 
Adantic, The very wind seemed to be angry with the ships. 



128 



Steamers. 



First it blew a strong gale from tlie west, that raised a heavy 
sea; but ch.i.Sj that would have retarded sailing- vessels, never 
caused th« two brave steam-pioneers to cilter their course. The 
i™d then for some days kept veering round and round, as if to 
make a last effort to impede what it could not stop ; but it was 
of no avail : the steamers went steadily OH. The Sirius, that 
had the start by three days, made little way compararively during 
the first week. She carried more weight in proportion Lhaii tlie 
Great Wesiern; but as her coals were consumed^ she became 
more lively, and, in sporting phrasCj ' made more running.' 
Thus, during the first week she was out, her daily run was never 
more than 136 miles : on the second day it was only 89. The 
Great IVestern, on the contrary, made ten mdes an hour during 
the second day, and her average daily speed during the etJtire 
voyage was 2 1 1 miles. At such a speed she would soon over- 
take the Sirius, that had the Start by about 400 miles only. But 
as the little vessel got lighter she went ahead; on the 14th she 
ran 218 miles, as much as thsfireat Western on the same day; 
on the z?d she tan only three miles less than the large ship. 
StiU it was a close chase; but at last the Sirius, by reason of 
her long start, was the winner. She reached New York on the 
naoming of the 23d, and the Great Westcrrt arrived tKe same 
afternoon. 

The excitement which prevailed in New York respecting these 
voyages was; intense. Previous to the arrival of the steamers, 
crowds had daily collected on the quay, gazing wistfully east- 
ward over the wide Atlantic. Many of the watchers were old 
enough to remember the first voyage of what the incredulous 
had called FuHoris Folly ^ little dreaming then what the future of 
that FaUy was to be; and as they now described that memomble 
voyage to their younger brethren, they remembered how the 
predictions of the wise had been falsified, and spoke in hope 
rather than in doubt of the success of the steamers, from the Old 
World. And never were hopes better realised than when, on the 
morning of the 23d April, a streak of smoke, dim and undefined, 
was descried in the horizon by the watchers on the quay. 
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' Cotild il be a steamer?' — 'Was \x.the steamer?' passed from 
zaouth to mouth. The smoke came nearer; the hull hove up, 
as it were, out of the ocean, and a steamer was clearly de&ned 
advAncing rapidly. The intelligence spread ; the city poured 
out its crowds ; and cheer upon cheer arose as the Sirius 
steamed into the harbour, and cast in the Hudson that anchor 
which, only eighteen days before, had been weighed at Cork. 
■Scarcely had the good citizens time to recover from their first 
'Slirprise, when the Great Western appeared. Streaminig with 
flags, and crowded with people, the Sirius lay waiting the arrival 
of her cOtnpetitor; and as the Great iVesiern sailed round her, 
three hearty cheers were given a.nd responded to. The battery 
fired a salute of twenty-six guns ; and the passengers drank the 
health oi the President of the Great Republic, As the vessel 
proceeded to the quay, ' boats crowded round us,' says the 
journal of one of the passengers, ' in countless confusion : Sags 
•were flying, giuis firing, and bells ringing.' 

The Siriifs WHS too small for continued Atlantic' navigation; 
she was soon ivithdrawn to pursue her original route between 
Cork and London, and was lost some years afterwards on the 
coast of Ireland. The Greai IVestern, however, continued to 
ply regularly and successfully. From 1838 to 1S44, she made 
thirty-five outivard and thirty-five homeward voyages. The 
average distance steamed each voyage was nearly 3500 miles; 
the average time occupied in going io N"ew York was 15 days J2 
hours, and in returning 13 days g hours. The average of 
jiasaengers being, however, barely So each voyage, the Grmi 
Western was removed from tliis routSj and in 1S47 became the 
property of the West India Steara-packet Company, Other 
changes of fortune befell her afterwards. 

Several steam-ships, some larger even than the Grcai IVe^ta-ii, 
navigated t^ie Atlantic between 1S3S g.nd 18435 but, with the 
exception of those employed by tlie Admiralty to carry the mail, 
they all, for varicms reasons, were withdrawn. The Royal 
WiiUain was the first in order of time ; after making a few 
passages, she was removed, and placed on another station. 
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Then followed the Briiisk Quetn, the Frendtnt, and the Liver- 
/pp/— all three of large size, and built at a cost of about 
;^ioo,Qoo each. They had made very few voyages across the 
Atlantic, when tlie first was sold to the Belgian government; the 
second was lost in 1841 ; and the third was placed on the 
station between Southampton, and Alexandria, and was lost 
some years ago on the Spanish coast. No sooner had the Great 
IVfstern peribrraed her first voyage to New York and back, than 
the directors of the company which owned her found that 
steara-Ehips of larger dimensions would offer better chances of 
remuneration. Tliey resolved to bnild a second, but of iron 
instead of wood, and propelled by the screw instead of the 
paddle-wheel. Accordingly, the keel of the Cr^af Brilain was 
laid at Bristol in 1S39, and after some mishaps in building, the 
vessel was launched in 1843 — Prince Albert acting as sponsor 
on the occasion, The nobie ship w3S in length 322 feet, 
breadth 51, and depth 32. She could stow away 1200 tons of 
coal; the weight of the engines was 340J and of ditj boilers 200 
tons. The engines were of looo horse-power; they gave 
motioa to a drum 18 feet in diameter, which communicated by 
means of chains, weighing 7 tons, with another dnira one-third 
of the diameter of die first The latter drove a shaft 130 feet 
long, passing immediately above the keel to the screw, which 
had six arms placed in a circle — each arm about 7 feet long, 
and shaped somewhat like the bent tail of a salmon. The screw 
weighed 4 tons^ and wrought in a space left immediately in front 
of the helm. The want of paddle-boxes, and the consequently clear 
run of the ship, gave her a very handsome appearance ; and when, 
seen in the graving-dock at Liverisool from keelson to topmast, 
the admiratipn of her beautiful proportions increased as inspec- 
tion became closer. The saloons and berths were elegantly 
fi.tted up, but not so expensively as those of the Great Western. 
Her six masts ([afterwards reduced to five) could spread as much 
canvas (5000 yards) as a fifty-two gun frigate; but as the masts 
were all low, instead of requiring a frigate's complement of 
seamen, the comparatively small number of thirty was sufficient 
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to manage the sails of tlie Great Britain. Even as a sailing- 
vessel, it was expected that she would go through tlie water as 
last as a frigate, and certainly much faster than any paddle- 
steamer under sail only; for the screw would nal impede the 
progress of the ship to anj-thing like the extent of paddle- 
boxes and wheels. Her entire cost was about _p^i 00,000. Her 
sailiDg aud steaming qualities were tested with satisfactory 
results, and it was considered that she woiild for many years be 
the swiftest and safest Atlantic steamer. A few voyages iti 
1845—1846 seemed to coa£im this idea; but her successful 
career was suddenly stopped. She went ashore on the Irish 
coast, and remained aground for a whole year. Oa being 
floated again, she was sold for a trifle to a Liverpool firm, 
altered and refitted, and yjlaced on the Australian route, where 
she has ever sLace rendered admirable service. 



5 V. CUNARD LINE OF ATLANTIC STEAMERS, 

IM 1S38, shortly after the successful voyages of the Sirius 
and Great Western, the government advertised for tenders 
for cairj'Lng tlie mails in steamers between this country and 
America. Both the companies to which these two vessels 
belonged made offers. Neither of the tenders was accepted; 
but shortly afterwards, a proposal was made to the government 
by Mr (afterwards Sir) Samuel Cunard, of Halifax, in Nova 
Scotia. He proposed to take the Atlantic contract, and cairy 
the mails once a week. This proposition was not acceded 
to at the time; but eventually it was arranged that he was 
to receive j^05,ooo per annum for seven years for convey- 
ing the mails twice each month between Liverpool, Halifax, 
Quebec, and Boston. This was the commencement of 
*hat is now well known aS Cunard's line. In 1840, a 
steamer named the Britannia^ of 1200 tons burden, 440 horse' 
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power, and 230 feet iu length (the same dimensions nearly 
as the Great IVej^lern), arrived in the Mersey to commence 
the fulfilment of Mr Cunard's contract- She left Liverpool 
on the 4th July, arriving at Halifax in twelve days ten hours, 
and peribrmitig the voyage homeward from Halifax in ten days. 
The other vessels placed on this line at the outset were the 
Acadia, Columbia, and Caledi?ma. They were all built in the 
Clyde, and their dimensions were nearly the same as tho^ 
of the Britannia. More powerful vessels were afterwards 
constructed, and in consideratioa thereof, the payment was 
raised to ji^go,ooo per annum, subsequently reduced to ^^85,000 
when the service to Quebec was taken oif. The regularity with 
which the mails were carried was a theme of general adrairation- 
Tlie vessels were looked for and usually arrived on the 
appointed day; and passengers went on board to cross the 
Atlantic with almost as little fear as is felt in stepping into a 
railway carriage. Indeed, the voyages were made with such 
regularity, that it was no uncommon thing for the captains to 
tell, on the eve of sailing, when they would be back to dmner; 
and they usually kept their time. Let the reader ima^ae a 
man about to perform a voyage over 6ooa miles of ocean, 
and instead of thinking about making his will or arranging 
his affairs, coolly specifying tite time when, after having crossed 
to America, he wlU come back to dine in Europe ! 

It was not until after all but Cunard's ships had beeo 
withdrawn, that American-built steamers began to ply between 
England and New York. The formation of several companies 
for this purpose made Mr Cunard anxious, in 1848, to extend 
his contract, SO as to cany the mails once a week, and thus 
render him more able to meet die expected competition. The 
proposal was i^eed to: the mails were to be carried Jrooi 
Liverpool every Saturday, and from Boston or New York 
every Wednesday (except during four mnter months, when 
it was to be fortnightly), arrangements being made by which 
the di^tour to Halifax was to be abandoned. The subsidy 
was increased, but not in equal ratio to the increase of service. 
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The steam-ships originally possessed by Mr Cunard were now 
supereeded by Others of greater si^c and power, the tonnage 
being increased from izoo to more than sooo, and the horse- 
jwer of the engines from 44a to 800. Of the old ships, 
was lost and the others sold ; and the Cunard fleet 
in 1851 comprised the Africa, Asia, America, Cambria, Canada, 
Europa, and Niagara. The first two of these were 3S0 fcet 
long, a 266 tons, and Soo horse-power. All these vessels 
were built in tlie Clyde. In iS4g, the average length of 
pasMige from Liverpool to Hallfa^L was 1 1 days 3 hours j 
from Halifax to Liverpool, 9 days 21 hours; Halifax to Boston, 
34 hours; Halifax to New York, 55 hours; New York, lo 
Halifax, 6a hours ; and Boston to HaJifax, 41 hours. These 
shew a marked increase in speed over die early voyages 
Bf steamers across the Atlantic. 

To flemish a notion of the general arrangements, beauty, and 
comforts of the Cunard steamers, we will make an extract from 
Mr W. Chambers's Things as they are in America. Wlien we 
state (as will appear presently in detail) that the Amnrrca, 
to which the extract refers, is less than half the burden of 
some of the steamers now plying on the Hoe, it will give 
an idea what the latter must be. The mails being brought 
on board the America at Liverpool, the voyage began. 

' The captain and pilot took their places On the paddle-boic, 
the other officers went to their appropriate posts, the bell 
was rung, the wheels moved, and we were off. Slowly at 
first did ttie great floating mass proceed through the water. 
The misls which lay to seaward were not yet quite dispelled 
"by the sun, and to go down the Mersey required careful 
guidance. For half an hour, the passengers leant over the 
brass railings cf the elevated poop, catching glimpses of the 
parting quays — some waving hats or handkerchiefs to friends 
far in the receding distance — some, raysielf for one, thinking 
of those dear to them at home, and Iialf doubtful of our own 
safe return to Old England. Gradually, the ship got into 
greater speed; for an instant it paused in its career, to allow 
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the pilot to descend to his boat j again it moved ale 
we were fairly on oxa course. The direction it took ivas straight 
up tiie Channel between Ireland and the Isle of Man. It was 
going what is called "north about," which is preferred to the 
soutliefn passage in certain states of wind and tide. As the 
vessel gained the open sea, and left nothing to look at but 
the wide-spread waters, one by one the passengers descended to 
view the nature of thdr own particular accommodations, or 
to inspect the general mechanism of the ship.' 

N^w for the vessel itself. ' On board the America, which 
bears a close resemblance to the other vessels in the line, 
there was nothing to find fault with, but, on the contrary, much 
to commend. Everydiing in the Cunards goes on, as the 
saying is, "hke clock-work." In the striking of bells, changing 
of watches, posting of officers, tlirowing the log, taking solar 
observations^ and other transactions, there is all the regularity 
and precision of a raan-of-war; and this imparts a feeling 
of security even in the worst states of the weather, by night 
or day. The quantity of fuel consunaed is from fifty to sixty 
tons a day; necessitating a stock on board of about 900 tons 
of coal for the trip, and so leaving space for 900 tons of goods. 
It is wonderful to see how much is made of the internal 
accommodation. A great deal is done on deck. There is 
really little decli visible. Along each side, adjoining tiie 
paddle-box, there is a row of small apartments, covered with 
wood, and over these are empty boats turned upside down, 
ready for launching in case of accident. In tlie open space 
beneath these boats, the cook keeps his fresh vegetables, 
and you occasionalJy see one of his assistants climbing up to 
clutch at a cabbage or bunch of carrots, and bring them from 
then- repository. The apartments on the starboard side (the 
right side, looking towards the head of the vessel) have brass 
plates on the doors, with inscriptions denoting what they 
are. The first in the row is the cabin of the second officer; 
next is the cabin of the third officer; nt;xt is the workshop 
of the baker; nesrt is that of the butcher or flesher; next is 
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the house for the cow ; and fLirther on are sundry smaller 
otSces. The ap:irtiiieiits on the left side of the deck, (larboard) 
are — first, the cabin of the surgeon ; next, that of the purser; 
and further oa are various places for culinary operations, stores, 
and so forth. Along the centre of the deck, beginning at 
the stern, are, first, the wheel-house, in which a helmsman 
is seen constantly at his post, and 'who has an outlook in front 
over the top of the saloon. At each side of the wheel-house 
arc apartments for the captain and first officer. The saloon 
comes next. It is a large sitting and dining apartment for 
the first-class piisscngers, and Is. lighted by a rOw of windows OIi 
each side. Sqjarated from it by a narrow cross-passage, and 
on the same line with it, is the steward's apartment, surrounded 
by shelves of china and glass articles, and having in its centre 
a little bureau wlience liquors are dispensed. Over the door 
of tliis bureau is a clock, visible from the saloon, which is 
altered daily in correspondence with the changing longitude. 
Beyond the steward's mom, towards the middle of the vessel^ 
is a kind of apartment open at the sideSj and in which stands 
llie capstan. At its extremity, is the enclosed chimney of 
the furnaces, by which means the enclos.ure is kept tolerably 
warm even in cold weather. Provided with seats, it forms 
the outdoor lounge of cigar-smokers, aod those who do not 
know what to do with themselves. Besides being dry overhead, 
the capstan gallery Is kept dry to the feet by means of open 
wooden work laid, on the deck; so that when the sea washes 
over the vessel, passengers can remain here without being 
wetted. Beyond the capstan -gallery is the kitchen; adjoining 
is the open deck, with the ventiJators for the engine-room. 
Clearing this spot towards tlie head of the ves.sel, we have, 
first, the mess-room of the officers, a small apartment erected 
on the deck; a.nd in continuation, the sitting and eating saloon 
for the fore-cabin passengers. All beyond is the proper field 
for the sailors.' , 

All this, it mil be remembered, is on the deck level. 'With 
so many incumbrances, tlie space left for walking amounts 
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only to a stripe at each side of the saloon, unless we choose 
to mount to the poop, which is the entire roof of the saloou, 
steward's apartment, and capstan-gallery, united in one long 
sweep. Bdow tlie saloon are the sleeping-berths, two beds 
in each, in long rows; a certain number ii-ith a small parlour' 
being set aside for ladies. The descent to this sleeping region 
5s by two good stairs. The fore-cabin passengers, in likci 
manner, occupy bertlis below their saloon, and in this respect, 
at least, enjoy accomm.od*itions no ivay inferior to those of 
first-class passengers.' 

Then for the navigation. ' The conducting of this magnificent 
vessel from port to port across the ocean, exhibits a remarkable 
triumph of human skill. A body of officers, dressed in a uniform 
like that of the royal navy, is charged with the manaigenient 
of the ship. The chief command in the AinfrUa, for the time 
beingj was in the hands of Captain Shannon, a Scotsman of 
experienced seamanship, and most agreeable and obliging in 
his intercourse with the passengers. Undef him are three 
officers. The laborious duties of the ship are performed by 
a boatswain and an efficient corps of mariners ; tliere is likewise 
a head-engineer with his assistants, having the special charge - 
of the machiaery. In the ordinary working of the ship^ it 
seems to be a mle, that i\vo officers shall always be on the 
alert — one stationed on the gangway at the side oi the paddle- 
boxes, to look sharply diead; the odier stationed at the 
binnacle, to communicate orders to the man at the wheel. 
When an order is issued by the captain, or first officer on duty, 
it is repeated aloud by the second officer; and you thus hear it 
rapidly echoed from point to point till acted upon by the 
helmsman. Orders to the engineer to slacken speed, to stop, 
or go on, are communicated by pulling the wire of a bell at Uie 
paddle-box; by which simple contrivance, the movements of 
the ship are under the most perfect control.' Electric action is 
now much used in saich cases. 'The watches, as must be 
known to many, are four hours each, and are regulated by 
striking a bell placed near tlie wheel, the sounds being answered 
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ty a. bell at the forecastle. The bell is struck every half-hour. 
Half-past twelve o'clock is indicated by one blow; one o'clock 
by two blows ; half-pa&t one o'clpck by three blows; and so on 
to four o'clock, which is marked by eight blows. At half-past 
four they begia again ; and in this way the twenty-four hours 
of the day are divided. Although, ably assisted by his officers, 
the commander of a vessel of this class holds a situation requir- 
ing sleepless vigilance. I observed that in his room at night a 
light was kept coHstandy burning, to illuminate the charts, com- 
passes, and barometers with which the apartment is furnished; 
and at various times a mariner came to report the progress of 
the ship, and the state of the winds. It is also noticeable, that 
any order despatched by the captain to the officer on duty, 
19 given in writing, so as to avoid the mistakes incidtntal to 
verbal messages. Latterly, a tell-tale compass has been 
invented, for the purpose of checking irregLilarilics in sailing. 
By means of an ingenious kind of mechanism attached to a 
compass, its dial-plate is punctured in the line of direction 
of the ship. Should the vessel be kept unsteadily on its 
assigned course, the deviations will be marked on the dial like 
a cloud of zigzag punctures; but should the vessel be kept 
steadily to its proper path, the punctures, accordingly, will be 
in a straight line. Fresh dials of paper are supplied daily. 
With one of these teLl-talc tompa&ses, the captain, on awaking 
in his berth, can discover whether his orders have been carefully 
attended to or otherwise/ 

The influence of magnetism on ships' compasses is often a 
matter of great importance. ' Captains of ocean steamers ditfer 
considerably in their attention to exactness in compasses. Good 
compasscFi are doubtless furnished to all vessels of this important 
class; but the very best may be rendered worse than useless, by 
a disregard of the petty circumstances on board tliat derange its 
^. action. Captain Shannon related to us a curious instance of a 
H derangement in the compass, which had, since rendered hira 
^1 pianctiliously cautious. He had left Hahfax with his vessel on 
^1 the homeward-bound voyage; it was during one of the cold 
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winter montlis, when fogs prevail on the American coast. HiV 
directions at night to the officers of .tlie watch were to run for a 
point thirty loiles eastward of Newfoundland, so as to make sure 
of keeping clear of its rock-bound shores; and the point of the 
compass tliat would lead in this required direction -was fixed 
upon. On coming on deck in the gray of the morning, what 
was his horror on seeing that the ship had just entered a small 
bay, and seemed about to be dashed in pieces on the lofty 
precipices that revealed themselves through the mist I By 
instantaneously shouting orders to the man at the wheel, and 
by revelling the engines, he barely saved the vessel from destruc- 
tion. After some trouble, it was paddled out to deep water. 
His iirst impression of course was, that the compass had been 
neglected; but, to his surprise, he fouRd that his orders in this 
respect had been exactly followed. The head of the vessel had 
been kept in the direction which, by compass, should have led 
to the open sea, thirty mHcs from land ^ and yet here was it 
running full inshore'. To all concerned, the deviation seemed 
perfecdy magical — not on any ordinary principle to be accounted 
for. The truth at lengdi dasviied on the captain. The error 
must have arisen from some local derangement of the compass. 
He C3.used all the compasses in the ship to be ra.nged on the 
deck ; and soon it was perceived that no two figreed. The seat 
of the disorder was ascertained to be at a certain spot dose to 
the funnel of the stove of the saloon. Could this funnel be the 
cause? It was of brass, and had never before shewn any power 
of distracting the needle. On looking into it, however, the 
captain discovered that, when at Halifax, a new iron tube had 
been put inside the brass one, without his knowledge, and th(^| 
circunastance had never been mentioned to him! There, in 
that paltry iron tube, was Uie w^hole cause of the derange- 
ment, " which I speedily," added Captain Shannon, " made 
to shift its quarters," How near was thus a fine vessel being 
wrecked, from a petty circumstance which no one could 
have previously tlreamt of; and it may be said, how many 
first-class steamers, assumed to be diverted towards rocks b) 
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enirretits, may have been led to destruction frOm causes equally 
trivial !' 

But, in truth, the captain of sui;h a steamer has to keep his mind 
awake to all kinds of possible mishaps. Nevertheless/by a strict 
regaid to compasses and to lights, and by careful pilotage on 
approaching the coast, the danger to well-built seagoing steamers 
is exceedingly sroall. Rocks, collisions, and conllagrations are 
the things that need alone raise a feeling of apprehension. On 
board the America^ as in similar vessels, liglits are hung up at 
sunsel on the fore-mast and on ear.h paddle-box, so as to warn 
sbips that a steamer is approaching, whereby collisions may be 
avoided ; and as regards fire, extreme care seems to be taken. 
All the lamps below^ excepting that in tlie captain's apartment, 
are put out at midnight j nor is any one allowed to bum lights 
on his ottTi accoimt. There is also, in connection with the 
steam-engine, a set of force-pumps, by which a deluge of water 
could be immediately propelled to any part of the vessel. To 
avert the danger and delay incidental to breakages of machinery, 
duplicates of various parts are kept on board, and could be 
substituted if necessary, without matemlly interrupting the pro- 
gress of the voyage. Such precautionary arrangements cannot 
but give a certain degree of confidence to the most timid class 
of passengers.' 

Concerning the arrangements fur passengers' meals, 'one of 
the first things which passengers do on coming on board, is to 
select the place where they propose to sit at table, which they 
do by laying down their card at the spot. In lliis way, a party 
of persons acquainted with each oLher make choice of a locality, 
and the seat each selects he keeps during the voyage. It is one 
of the many well-niannged matters in tliese vessels, that the 
meals are served peremptorily lo a minute, according to the 
striking of the bells. No matter what be the state of the 
weather, the dishes are brought in at the appointed time ; and I 
verily believe that if the ship were sinking, the stewards would 
still be continuing to serve the dinner. The stewards, in fact, 
twelve in number, the whole under a chif, and dressed in smart 
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blue Jackets, are but a variety of the waiter genus, and Icnow 
only one thing — which is, to supply the wants of passengers. At 
eight o'clock in tlie nioming they ring their first bell, which is 
the signal for rising ; and at half-past eight they ring again for 
bre;^kfaEt. Irish stew, cold meat, ham, mutton-chops, some 
kind offish, eggs, tea, coffee, and hot rolls are placed in profn 
sion on the two upper tables. The tables iu the saloon, ar 
eight in number — that is, four, on each side, with sofa seats ^ 
red velvet plush. Seldom mqre, however, than the upper tablC 
arc covered for breakfast ; for the meal is drawn out till te 
o'clock, and for two hours people come dropping in and goir 
ont as suits their fancy. At ten, the tables are cieaxed; afte 
this nothing hot can be obtained, but any one at any time ca 
have such other fare as is on board. At half-past eleven, the. 
tables are covered to a larger extent, and the bell ac twelve 
o'clock is tlie signal for lunch. This is a well-attended meal, 
and there is usually a considerable consuraption of soup, cold 
beef, and roasted potatoes^ — the latter sen-ed with their jackets 
on, and a great favourite with the more moderate hands. Again 
the tables are cleared, and so they remain till lialf-past three > 
o'clock, when they are covered from end to end in grande tmu^^ 
and the bell for dressing is rung. This bell might as weJl bfe 
spared, for not one makes the slightest preparation ; and when 
the bell at four o'clock is soundedi there is a general rush from 
the poop, smoking-gallery, and other quarters, into tlie saloon. 
The number of passengers during our voyage was a hundred 
and sixty, and the whole of these, with two or three exceptions, 
sat down to dinner daily. At the top of each of the eight tables 
is a silver tureen of soup, and the signal for taking off the lid^fl 
is the entrance of the captain, who appears in the saloon only" 
at this meal, and takes his seat at the upper end of the first table 
on the left-hand side. The stewards are drawn up in lines, and 
confine their attendance to their respective tables, "When dishes^ 
are sent in to the apartment, they are banded from one t^M 
another along the lines, and in the same noiseless manner ar^^ 
they handed out — the whole thing going on silently like an 
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adroit military maiiceuvte. Every day fresh bilis of fare are laid 
on the tables for the use of the guests. Iced water is served Id 
abundance, and it i& observable tbat not many call for wines. 
Those who do, give their orders on cards furnished for the 
purpose, which they settle for at the end of the voyage.' 

The dietary-, it will be seen, is most liberal. 'The elegance 
and profusion of these dinners is surprising. They consist 
of the best soups, lisli, meG.t, fowls, and game, with side-dishes 
in the French style; followed by a course of pastry of various 
kinds, with a. dessert of fresh and preserved fruits. How so 
many things can be cooked, how there can be so much pastry 
dressed up daily, is a standing wonder to everybody, And the 
wonder is greater when we know that from the same apjiaratus 
must be daily produced not only all this profusion for the 
saloon, but also copious dinners at different hours for the 
fore-cabin passengers, the officers' messj and the working 
departments of the ship. Dinner in the saloon is drawn out 
to upwards of aii hour, but towards its conclusion numbers 
drop off to their accu5ti|med lounge in the capstan-gallery or 
on the poop. A few, here and there, linger over a bottle 
of mile ; some recline on the sofas ; and some take to reading. 
There is now a cessation in eating till seven o'clock, when the 
bell is sounded the last time for the day, and tea and coffee are 
served For these beverages there is always abundance of 
milk; the cow on board being an assurance that tliere will 
be no want tn that particular. . . , , It will appear, from this 
brief description, that eating goes on with short interruptiona 
from morning till night One feels as if living in a lable-d'hote 
room, witli tht; same company alivays sitting down and rising 
upj and I should thtnt that, if a person be at all well, he can 
scarcely fail to add to his weight during the voyage.' 

But how do the passengers spend their spare liours ? * In 
tolerable states of the weather, the greater number of passengers 
take walking exercise on the poop, which is the great airing- 
grouad. The younger men amuse tliemselves in a ditferent 
manner, mth games of shovel-board, on the stripes of deck 
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outside tlie salooti. Here, -with thin circular pieces of hard- ■ 
wood, tliey play at a game which resembles that of bowls, 
only that the pieces thrown are made to slide along instead 
of being rolled. On fine forenoons, the ladies are spectators, of 
these games, or indulge in walking exercise, if able to bear the 
unsteady motion of the ship. In the saloon, mtich. 13 done 
to kill time by card-playingj chess, and backgammon. Some 
keep playing on for hours, morning and evening. They have 
crossed the Atlantic a dozen times, arid to them the whole affair ^ 
is hackneyed and tame. Their only solace is whist j anffl 
accordingly no sooner is the breakfast off the table, than the 
cards make their appearance. At night, when the candles are 
lighted, these whist-parties increase in number, and to look 
down the roOm, you would imagine yourSelf at a large evening' 
party in a watering-place. Occasionally, towards ten o'clock, 
when certaia youngsters are finishing the day with deviled legs 
of fowl and "glasses of something warm to put away that nasty 
aqueamishaess," you may hear a song break forth, and there 
is for a time an air of jovialty among the various scattered 
parties. Yet on no occasion does one ever see any approach to 
boibterousnes-s; and notwithstanding the mixture of nations — 
English, Scotch, American, Canadian, Gemaan, and Italian 
there prevails from first to last the staid demeanour of well-bri 
and select society.' 

On some rough rainy days, ' the beating of rain and wind, and 
Uie dashing of spray from the paddles, were die least of the 
discomforts. As the vessel ducked down in front to meet the 
billowsj she constantly, and just as a spoon would ]ift water, 
shipped a sea, which came rolling along the decks ankle-deep, 
and finding only an imperfect outlet at the scuppers. The con- 
cussions of the heavy surging waves on the bows and paddles 
were sometimes awful, threatening, as they appeared to do, the 
destruction of everything diat opposed the repeated shocks. 
Yet under these pitiless blows, the vessel scarcely quivered, so 
well were her timbers put together; and caimly she made her 
way, though at moderated speed, through the raging and ft 



edf 

ndl 




Cimard Line of Atlantic Stea7n£rs. 



143 



ocean. Now was it apparent that mere power of engine is of 
littJe avail during storms in the Atlantic, and, indeed, will only 
aggravate the concussions, unless the pmw of the vessel be of 
that sharpened and vertical form tliat \v\l\ enable it to cleave its 
way, and at the s;tme lime sustain a level course in the water. 
.... It was remarkable, that ditring even the worst weather, 
and when the motion of the vessel was considerable, there was 
little sickness among the passengers. Altogether, \ expcnenced 
no feeling of this kind except for an hour on the second day. 
The length and solidity of the vessel, with its power of over- 
coming the short broken waves, give an easiness that is wanting 
in the small class of steamers ; so that a voyago to America is 
really attended with less painful consequences than an ordinary 
trip from Dover to CaJlais. While the bad weather lasted, only 
two of the passengers ventured on the poop.' 

Captain Basil Hall once gave a graphic account of Sunday on 
board a man-of-war; let us see what it is like in a Cunord 
steamer. ' On the eighth day out, the weather mended ver^ 
considerably, and at noon our run by log was 231 miles. Being 
Sunday, preparations were made for perfonning divine service. 
At one o'clock, the principal steward entered the saloon with a 
tray-full of Bibles and prayer-books, which he distributed among 
the passengers. He then adjusted a red plush sofa-cushion on 
the inner side of one of the tables, by way of pulpit ; and after 
these simple arrangements, the bell on the forecastle began 
deliberately to toU. Several passengers from the fore-cabin now 
entered along with the officers in uniform, and about ci. dozen 
sailors in their Sunday jackets. In the whole scene there was 
an air of considerable solemnity. The bdl ceased to ring, and 
a. perfect silence prevailed. The officiating minister now toot 
his seat at tlie cushion, on which lay a large Bible and service- 
book. When no clergyman is on board, the service for the day 
is read by the captain. In the present instance, a clergyman 
belonging to tlie college of Toronto was a passenger, and by 
him tlie service was conducted according to the usual forms ; 
including the preaching of a sermon, which was listened to with 
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as great attention as if delivered in a parish church. ' 
of tiie day was spent with the ordinary decorum of Sunday in 
England.' ^| 

Then the ' beginning of the end ' graduaUy appears. ' Ofl" 
the following Tuesday, being the tenth day out, sailing vessels 
began to be seen on the horizon, being probably barka engaged 
in the fishing on the baoks of Newfoundland, which we were 
now declared to be upon. We also enjoyed an agreeable 
clearing up in the sky, and the colour of the sea changed from^ 
blue to a tight greenish tinge. From this time, too, more gnllfifl 
were seen on the wing ; and the ship had become a refuge for a, 
flight of small birds resembling larks, which had been driven^, 
from land by stress of weather, and were glad to rest thett^l 
wearied wings by perching on the more proraicent parts of tht^" 
vessel. This day, about coon, a large steamer from New York 
to Liverpool came in sight, and was watched widi deep interest 
by the passengers. It passed at the distance of two miles- 
There werCf as usual, mutual greetings by signal. The system 
of communica'tion at sea, by signals, isone of the most remark^ 
able inventions of the day, and merits a word of explanation. 
By Marryat's signals, as they are generally termed, a conversation 
on almost any subject can be carried on between two ships as^^ 
effectually as if the respective captains spoke to each other in^l 
distinct words. The signals employed consist of fifteen different 
small narrow flags, which are run up at a point over the stem, 
and fully visible through a glass at a distance of several miles. 
Ten of them represent the ten figures in arithmetic, and by these 
any number is expressed. The other five refer respectively tp 
icenain departments in tlie code, and are designed to lead at one 
to the subject of conversation. When a particular number 
expressed, the code, which is a voluole resembling a dictions 
is turned up by the party addressed, and he sees a sentence 
part of a sentence opposite that number in the book. So expert, 
however, do mariners become in reading the sig;nal3, that thejl^| 
seldom require to refer to the code. On both sides, the signal^^ 
are nin up and puUed down, and questions asked and answered 
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with liie rapidity of ordin^uy conversation. In this way, ves&ds 
passing witliiu sight of each otlier at sea, no longer need to 
bend from their course or stop in their career to put questions 
through speaking-trumpets. The merchant-ships of nearly all 
countries,' and our own Koyal Navy, ' have embraced Manyat's 
code, which is now therefore the universal language of the sea — 
a symbol of brotherhood among nations,' 

And tlien the end itself. 'Tliurgday, the tvt-elfch day out. 
The joyful intelligence of land being in sight, was reported at 
breakfast Through the misty distance, nigged headlands and 
brown rocky hills were visible on Uie west. We were now 
going southward, down tlie American coast, which was kept in 
view all day. The prospect was not cheering, for tlie land facing 
the ocean about the Gulf of St Lawrence has a generally bare 
and deserted appearance.' The discussion of various themes by 
the ' capstan parliament, as wc named it, came abruptly to a 
close it! the evening, when the lights at die mouth of Halifax 
hiu-bour shone in sight. Swiftly the entrance is made ; the lights 
of the town make their appearance ; mails and baggage are 
brought on deck j guns are fired and rockets sent up; lanterns 
flit about the wooden quay where we are to land; ropes are 
thrown out; a gangway is pushed on board; and, along with 
some half-dozen fellow-passengers who go no further, I scramble 
ashore, and have my foot on American soil. The voyage, so 
far, bad occupied nearly twelve and a half days; which, with a 
delay of several hours for coaling and the subsequent run to 
Boston, would, to the bulk of the passengers, make a voyage of 
fourteen days.' 

^Ve now take up the later proceedings of the Cunard Com- 
pany. After the renewal and enlargement of the contract with 
the British government, the company strengthened their fleet 
with the America, Niagara^ Canadaf and Europa in 1S40, and 
'Ca.^Asia and Africa in 1850. In 1S56, a magriificent addition 
was made in the Persia, a noble ship of 3600 tons and 900 
horse-power. Some years later, in 1862, a still finer ship, the 
Scotia, was put upon the line, of 3870 tons and 1000 horse- 
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power, rive new ships were added in 1864, and six others 
in progress tti iSCg. The old and smaller steamers have been, 
one by one, sold to make way for better. We may enumerate 
thirty-eight steamers on the active list, in the summer of 1866, 
as follow : 



„ Harsc- 
Tkm. 

pQWfr. 

Scotia. , 3870 1000 

Pere^ ..360a 900 

A^lridasiim, 2760 700 

Ja¥a 2700 600 

Cuba ,,,...,..,.2700 600 

^^^^ 2527 550 

Asia 2227 750 

Africii. 2226 750 

Tripoli.... 2061 2S0 

Aleppo. „ .2o6t zSo 

Tarila. 2061 2S0 

Palmyra 2061 2S0 

Euiopa.. , 19S I ;oo 

Canada.... , 1831 6^0 

AnnMii;a„.,,,.,,.,,.,,,,,,,(S3$ 650 

Niagara 1S25 C50 

Olympus. 1794 250 

Adas™ 1 7^ 350 

Heda. 1785 250 



Tona. 

Mani±on 17S4 

Kedar, .....................1785 

Monicco- 1783 

Sidoa 17S2 

Palestine. .-,, — fZn 

Corsica 1134 

Baalbec S34 

Brilish Queen. J63 

Stromboli 734 

Pt-ngwin 680 

Wolf..... 67a 

Buffalo,.. 670 

Llama 670 

Ostriuh... 624 

Roe 5S9 

Lyme 499 

Seaglc ,-, 454 

Jackal 180 

Satellite _ 154 



power. 
250 
250 
250 
350 
260 

aoo 

ISO 

150 

t2D 

iSa 
3S8 
2S0 
2S0 

t50 
26s 
Z44 

So 
100 

So 



The smaller vessels do not cross the ocean ; they are employed 
in various subsidiary services. The earlier ships of the com- 
pany were of wood ; those now running are mostiy of iron, 
The paddle is more used than the screw. The ScoiUi is the 
fastest as well ag largest, she having once made the run from 
New York to Liverpool within nine days, allowing for difference 
of clock-raiiej the Fersia and Chma have nearly eciualled this 
wonderful mu. The magnificent Scofia, which can accommodate 
no less than 300 saloon passengers, is 366 feet length of keel, 
48 breadth of beam, 33 depth of hold. Although her registered 
tonnage is put down at 3S70 tons, she counts 4050 tons builders* 
measuiemeot, and displaces 5630 tons of water; her cyliudeis 
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are loo inches diameter, and tz-feet stroke; hec boilers present 
24,000 square feet of heating surface j her interior is divided 
into seven water-tight compartments by six iron particioTlS, 
besides four water-tight caissons or subsidiary cQm]iartmenls. 
Whether or not she is ' the stroogest as well as the finest mer- 
chant-ship afloat,' she certainly deserves the character which 
Mr WiJlox, ill his useful account of the Liverpool steam-marine, 
gives her, of being ' the pride of the Mersey.' 



I VI. OTHER STEAM-ROUTES TO NORTH AMERICA. 

The Ciinard. Company never have had a monopoly of the steam- 
trade from Europe to North America. The 'Collins' Company, 
a competitor on the same route, arose out of previous achieve- 
ments in ocean-steaming by the Americans. The American 
steamers that first plied regularly on the Atlantic route were 
(he IVcisfiiiigiim and Hcrtiiafin, of about 2000 tons burden. 
They^ however, did not depend entirely on the British traiRc, but 
made the port of Bremen their terminus in Europe, calling at 
Southampton on their way. 

The line of vessels that entered into direct competition with 
Cuaard's was projected l?y Mf Collins of New York, and con- 
sisted of five s.teamerg of 3000 tons burdeDj 300 feet long, 
and propelled by engines of tooo borse-power. They were 
named the Atlanlk, Fnci/L; Arciu; Baltic, and Adriatic. They 
were longer and more powerful than any steamer built up to 
Uat time, e.vcept the Great Britain. The merits of the rival 
lines soon became a national question, and the cJtijens of the 
great republic spoke confidently of tJie superior speed tiieir 
vessels ivquld attain. The feat which these American ships 
H were expected to peiform was of no ordinary difficulty. For 
H ten years Cunard's line had navigated the Atlantic with a regu- 
H laiity and speed which it would be exceedingly difficult even to 
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equal. The first ship of the Collins line, the Affantce, sailec 
from New York on the sjth April 1850. As the time of her 
arrival at Liverpool drew near, the interest felt by the people gf 
that town in the voyage became intense. When she am'vedf it 
was found that no entrance to the Liverpool docks was suih- 
cietitly wide to admit t\\t AthnHc, and she and her consorts had 
to lie in the river until a new docTc that had been preparing for 
them, with entrance-gates eighty feet wide, was finished. When 
all the Collins ships were ready, there commenced that rivalry 
wliich made a gigantic race-course of the Atlantic Ocean-^a 
race-course so long, that the difference in the longitude of its 
tertnini makes a difference of nearly five honrs in the time of 
day; and tlins, while people at the American end are rising 
from their beds, those at the European have got through much. 
of their day's work. The prizes of the turf are paltTy compared 
with that for which those steamers contended— the proud 
distinction of establishing the most speedy and safe communi- 
cation between two great continents and two mighty nations. 

The superiority wag not distinctly declared on either side. 
The swiftest outward passage in iSgo was that of the Pacific 
in September, when only 10 days 5 hours were occupied between 
Liverpool and New York ; and {he swiftest homeward that of 
the v4jW| in 10^ days between New York and Liverpool. The 
Collins line proved eventually to be a disastrous failure. The 
contract with the United States governmetit ^vas, first, for twenty 
voyages a year, at a subsidy for each voyagej then for twenty- 
six voyages a year, at an increased subsidy. But all would not 
do. The expenses of construction and working were so enor- 
mous^and the loss of two of the ships by wreck so disheartening, 
that the whole enterprise was abandoned, and the Collins 
Company broken up. 

But although this company failed, others have succeeded in 
establishing magnificent and successful lines of steamers between 
Europe and North America, partially but not wholly competing 
with the Cunard line. One of these is the ' Inman ' line, or, to 
give it its full name, the ' Liverpoolj New York, and Philadelphia 
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Steam-ship Company.' This line has been honourably dis- 
tinguished foT its development of the screw-pfOpeller priaciple. 
In 1S40, Liverpool was visited by the first screw-steamer, the 
Propelkri and the ship-o\vners, perceiving the capa.bilitie& of the 
principle, gradually adopted it for coasting steamers. In 1850 
Messrs Todd and Macgregor built the second ocean-going iron 
screw-steamer (the Great Brilain having been the first), called 
the Cily of Gioigow. It plied several times across the Atlantic, 
and then passed into the hands of a Liverpool company, 
becoming thi; precursor of the present fine fieet of the Inman- 
Kne. This company obtained the mail contract from the 
United States government after the break-down of the Collins- 
line, and have eva- since conducted a great mail, passenger, and 
merchandise trade. The steamers ply twice a weet between 
Liverpool and New York, every Wednesday and Saturday in 
each direction. They are sixteen or eighteen in nimiber, mostly 
named after cities, such as the City ef Bosfon^ &c. j all are iron 
screw-steamers, generally of about 3000 tons, and many of them 
have steel plates to strengthen the hull and decks. 

Another is the ' Montreal Ocean Steam Company.' In rS62, 
the Canadian government invited tenders for steam-ships to ply 
between Liverpool and Canada : a beginning was made^ but 
various circumstances delayed the completion of the scheme 
until 1856, when a company entered vigorously on the work. 
Steamers now run once a week from Liverpool to Quebec during 
the summer, and to Portland during the winter. One of them, 
the Fcruvian, is as much as 2500 tons register, a strongly built 
and beautifully finished iron screw-steamer, 

The ' National Steam-ship Company," another Liverpool body, 
jiossess several very targe steamers — the Qmen, LauUiana, Vir- 
ginia, Pmnsylvania, Erin, and Helvetia, of which two are 28S7 
tons each, and two 331S tons. Others are being added of 3600 
tons. The Queen, a recently built member of the fleet, is a 
noble ship 370 feet long, with a carrying capacity of nearly 
4000 tons, iron masts, and steel yards, 

France, too, has been alive to tlie importance of steam 
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communication with North America. In iSfio^ the French 
government ordered steamers to be built at Glasgow, after French 
models, but equal in equipment and speed to the famous Scotia 
and -Pi-rsia. There are five of thera, large and magnificent, 
though admittedly not equal to the two just named; they ply 
between Havre and New York; cartying mails, passengers, and 
merchandise, and are of great importance to France. 

Germany has not been behind-hand with France in tins 
matter. The ' North Gei-man Lloyds ' is a service of steam-ships 
between Bremen, and New Yorkj calling at Southampton. The 
Ameriia, Bremm, Mama, Hemtann, Ntiu Yerk, Deutsddand, . 
and Vuiefi are all large and fine steamers, plying once a fort- 
night in each directioa. Another line is that of the ^ Hamburg- 
American Packet Company,' gotag to and fro between Harn- 
burg and New York, calling on the way at Southampton, once 
a fortnight in each direction. The ships of this line, Saxenia, 
Bavaria, Bi>nissia, Teuionia, Germania, and Aftemania are all 
large Clyde-buQt steamers. 

There is oae failure to record, as disastrous as that of the 
Collins Company- — viz.^ the ' Atlantic Mail Steam Company,' 
This was establislied rather to benefit Ireland, than because 
there was the enterprise in Ireland suitable for it; and poiitical 
favouritism had something to do with the matter. The port of 
departure was. Galway, on. the west coast of Ireland. A succes- 
ision of mishaps, accusations^ aad recriminations brought the 
spectdarion to ruiDj after only a few voyages had been made 
across the Atlantic 
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§Vn. OCEAN STEAMING ROUND THE CAFE. 

Very little need be said concerning the schemes for sending 
steamers round the Cape of Good Hope to India, China, and 
Australia. In i^jo the government advertised for tenders for 
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conveying the mails between England and the Cape of GockI 
Hope, caJliftg at Madeira, Sierra Leone, and St Helena, The 
vessels were to be of not less than 200 horse-power each, pro 
peUed by the screw, ajn,d to pijrform the voyage ^t a speed of 
not less than eight knots an hour. This contract was obtained 
by the General Screw Steam-navigation Company, who mujer- 
took to perform the voyage at the rate of 3^3 miles per day; 
tii,e distance to be steamed being about 6700 miles, the time 
occupied would be about a month. The first vessel, the 
Bosphorm, left Plymouth on the iSth Deeeraber 1850. On 
arriving at Madeira, the captain sent home extracts from the 
log', from which it appeared thut in six days she ran 1164 miles; 
<Ml one day she ran 215 miles before 3. fresh north-east wind 
without using any steam whatever. 

Whether the far east could easily be reached by steam is and 
has long been a favourite problem. As far back as 1S49 there 
was a scheme for sending steamers round the Cape of Good 
Hope, across tlie Indian Octan to Western Austraha, and so on 
to Adelaide, Melbourne, and Sydney, accommodating the Cape 
de Verde Islands and St Helena on the way. It is calculated 
that the distance from Southampton tq Sydney would be 13,900 
miles round the Capej 13,300 by Suez, SingaporCj and the 
north-east coast of Australia; about 11,900 if the south-west 
coast of Australia be taken; and 11,700 vi& Panama, Tahiti, 
and New Zealand. The Panama route would present only two 
stoppages in a distance of 8000 miles across the Pacific; the 
Cape route would have 6doo miles of steaming across the Indian 
Ocean; while the Suez route would be about 5000 miles from 
Singapore to Sydney, The advantage of the Cape route would 
be, no transhipment at any isthmus. An 'Australian Steam 
Navigation Company' was formed, under contract with the 
government to carry the mails to Australia. Steamers were 
baih, and many voyages made ; but the whole affair eventually 
broke down, and the malls were transferred to the Isthmus of 
Suez route. 

At present, the steam-trade round the Cape to Australia, and 
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in a partial degree to India and China, is in the hands of conr- 
mercial companies who bring steam to aid the SaiJ, on the 
auxiiiary principle, as it is called. Three noble ships of this 
class are the Gnal Britain, Rvyal Vkter'm, and Royal Starufard, 
all belonging to Liverpool. They are fully rigged iron sailing- 
ships, provided with screws as an assistance^ but not necessarily 
dependent on steam-power. 

The mail lines and trading lines to the various ports on the 
African coast itself are of comparatively small amount How 
the mails now reach the east, we shall see presently. 



§ VIII. OVERLAND ROUTE TO THE EAST. 



We come now to that region of ocean steaming which is' 
many respects the most important and interesting of all, linting, 
as it does, the nations of Western and Southern Europe with the 
rich and fertile east 

On i6th Atigiist 1S35, the steamer ^/rfu^j^mif left Falmouth 
for Calcutta. She amved at the Cape 13th October, and at 
Calcutta gtU December, having been nearly four months on the 
voyage — or about the same time as a sailing-vessel. It Tra^ 
easy to point out shorter routes to Calcutta, but impossible to 
find one which could be traversed from end to end by a 
steamer. By sailing up the Mediterranean a steamer could 
arrive within a few miles of a sea that foraied an unbroken 
■water route to India j "but these few miles consisted of -the 
Isthmus of Suez, The only feasible plan was to have two lines 
of steamers — one in tlie Mediterranean, the other in the Indian 
seas — and mafee the land transit at the most convenient point 
Eut where was that point to be ? The most direct way seemed 
to be across Asia Minor to the !guphrates, down that river to 
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tbe Persian Gulf, and so on to Bombay \ thus as it were taking 
one side of a triangle, while the route down the Red Sea 
traversed the other tft"o. From the coast of the Gulf of Scan- 
deroon to Bir, on the Euphrates, the distance is only about \ 
hundred miles ; and though Bir is more than a thousand miles 
(rOQi the mouth of the Euphrates, yet it was considered {hat all 
that length of river could be navigated by steamers. But one 
of the objections urged was, that although a steamer could go 
easily lioii'ii, it could not get up; for at Bir the river is 62S feet 
above the level of the sea. Other obstacles, and the failure of 
an expedition fitted out for the purpose about 1836, caused this 
direct Une to be abandoned. The other route was by Alexan- 
dria, Cairo, and Suez, which would include a land transit of only 
S4 miles. This plan was adopted; the British government 
undertook the route between England and Egypt^ and tiie Kast 
India Company that between Kgypt and India. In 1837 the 
arrangement came into operation j the mails wore sent frorq 
FaEmouth to Gibraltar in vessels engaged in the postal service 
with Portugal and Spain ; at Gibraltar they were transferred to 
Admiralty steamers, which conveyed them to Malta and Alex- 
andria ; they were then taken up the Nile to Cairo, and from 
thence across the desert to Suez, where a steamer belonging- to 
the East India Company was in waiting to convey them to 
Bombay. The time occupied on this route was between fifty 
and sixty days, so that the communication with India was 
reduced by one-half. In order to reduce this rime still more, a 
treaty was made in 1839 with the French government lor con- 
veying a portion of the mails through France to Marseilles, 
from whence they were forwarded to Malta, where tliey met the 
steamer from Gibraltar. 

Two years before this time, the * Peninsular Steam Company * 
entered into a contract with the government for carrying the 
mails weekly from Falmouth to Gibraltar, calling at Vigo, 
Opocto, Lisbon, and Cadiz. The advantages were soon 
apparent, for these steamers brought iu five days the mails that 
l^ad previously sometimes been three weeks on the voyage. Ii> 
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1839, the gOveriunent, ajixious still further to accelerate the 
Indian mailj requested the company to submit a plan for the 
attajnment of that object This was daae : the company pro- 
posed to establish a line of powerful steamers to nm from 
England to Alexandria, calling only at Gibraltar and Malta: 
thus rendering the communicatipn by Gibrailar aearly as 
Speedy as tbat through France. The company procured 
two large steamers, the Oriental and the Great Liverfod^ and 
with them and two smallier vessels the contract was begun in 
1840. 

The postal commuatcation with India having thus been made 
speedy and regular, a wish was naturally expressed, that on the 
other side of the isthmus the communication should be extended 
so as to embrace, not Bombay alone, but also Calcutta, Madras. 
Ceylon, and China. A contract was entered into whh the Com- 
pany — from that time known as the ' Peninsular and Oriental.' 
Or, more briefly, as the ' P. and O- Company'— by which they 
undertook to convey the mails from Suez to Ceylon, Madras. 
Calcutta, Penang, Singapore, and Hong Kong. This ser- 
vice was commenced in 1845 with three fine steamers, the 
Bentiriek, Hmdosian, and Prcairsar, of about 2000 tons burden 
and 500 horse-power. Thus, in less tlian ten years from its fiist 
estaHishment, this company was navigating llie Mediterranean, 
the Red Sea, and the Indian Ocean, connecting the European 
shore of the Atlantic with the AsiatTc shore of the Pacific, and 
conducting a constant communication between England and 
China, Ocean steaming so far developed its power in the next 
five years, that in 1S50, the steamer Pckin delivered mails at 
Hong Kong containing letters which only fifty-five days before 
lad been wTitten at New York j these letters, after crossing 
the Atlantic, had passed through Liverpool, London^ Paii^ 
Marseilles, Malta, Alexandria, and Cairo to Suez, where tliey 
were placed on board the Orientaf, which conveyed them down 
the Red Sea and across the Indian Ocean to Ceylon, where 
they were transferred to the Pekin, and by her conveyed, 
after calling at Penang and Singapore^ to their final desti&ation. 
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The distance travelled by these letters was more than Iialf tJie 
circumference of the globe. 

The fleet possessed by the company in 1S51 consisted of 
35 steamers, named the Erin, Euxine, Ganges, Ihria, Jupiter, 
Madrid, Montrose, Pasha, Singapore, Sil/fatt, Tagits, Hiiidostan, 
Indus, Jiipen, Bentinck, Haddington, Oriaital, Premrsor, Achilles, 
Braganza, Lady Mary WoQd,MaUa, P'ekin, Potiinger, and CuuIq/i. 
Let us see how the intricate trade was organised by this spirited 
company. The vessels engaged in the Peninsular service left 
Southampton three times each montli. The first port touched 
at, after steaming 663 miles, was Vigo, in Spain; from thence 
the vessel proceeded to Oporto, 68 miles furtherj and thence 
to Lisbon, Cadiz, and Gibraltar; arriving at the latter port in 
eight days after leaving Southampton, and after having steamed 
1324 miles. The vessel returned on the same day. Another set 
rf vessels left Southampton on the jgth of each month, arriving 
at Gibraltar on the'6lh of tlie month following; from theace 
they proceeded to Malta, Smyrna^ and Constantinople, where 
Other vessels were in readiness to extend the communication 
along the shore of the Black Sea. to Trebizond. Some of the 
vessels also sailed occasionally between SoUthaniptou and 
NajJes, calling at Gibraltar, Genoa, Leghorn, and Civita 
Vecchia. The steamers for Alexandria sailed on the 20th of 
£ach month, arriving at Gibraltiir on the 2Gth, at Malta on the 
1st of the following month, and at Alexandria on the gth. At 
Suez two steamers were in waiting for the passengers and mails 
conveyed from Alexandria in small steamers up the Nile, and in 
vans across the desert (the railway was not made at that time). 
One of the steamers at Suez belonged to the East India Com- 
pany, and had Bombay for its destination; the otlier was tlie 
[property of the Oriental Company, The loth of the month 
Was fixed as the day of departure; and all persons and things 
having been shipped, the vessels steamed down the Red Sea 
to Aden. Here they parted company ; the Oriental steamer 
pursued a course almost due east, across the Indian Ocean to 
Point de Galle in the inland of Ceylon. Having exchanged 
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mails with the vessel for Chinas she steamed up the Cororaandel 
coast to Madras, and on to Calcutta, where she arrived in about 
twenty-eight days from Suez. The vessel in waiting at Point de 
Galle, as soon as she received what the other had brought, 
started eastwardj and arrived at Penang, in the peninsula of 
Malacca. From thence, steaming down between Sumatra and 
the mainland, she arrived at Singapore, almost tmder the equator, 
and then up the Chinese Sea, terrible for its typlioons, to Hong 
Kong, where a small branch-steamer was ready to continue the 
line of communication to Canton. The number of miles steamed 
per annum by the vessels of the company in these various 
services was 381,960. 

The changes made in the Overland arrangements between 
1S51 and 1S66, have been influenced by m:any important cir^ 
cumstances. The lowering of letter-postage and the establish- 
ment of book-post; the assumption of the powers of the East 
India Company by the imperial government; the growth of an 
enormous trade with the free ports of China and Japan j the 
great increase of import and CxpOrt trade consequent on the 
discovery of gold in Australia ; the large emigration of capitalists 
as well as of labourers to that new world; the frequent tenders 
to the government from other companies desirous of establishing 
a. healthy competition; the shortening of the transit over the 
isthmus by the construction of a railway from Alexandria to 
Suez — all irapelled the Peninsular and Oriental Company to 
introduce larger steamers, increase the speed, ^and improve the 
service in various ways. 

Australia is now included ivithin the company's programme, 
3.S the result of a very complicated and long-continued nego- 
tiation. The Peninsular and Oriental Company have at present 
the Overland route to the east aknost entirely in their own 
hands. 

The noble fleet belonging to this company in the summer 
of iS65 comprised the following ships; 
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Mongolia 2799 500 

Surat .....,,,. 2596 500 

Simlit 2440 630 

Moollan ...2257 400 

Bpngal , 2185 4G5 

Pooiial]. , Z152 500 

Ndbia ^f^O^ 45^' 

Ctylon 20ao 450 

Nemesis......,., ,.i 2018 600 

Pera 2014 450 

China. 2UEo 400 

Nj-an«i iq88 450 

Catidifl 1982 450 

Tanjore 1971 400 

Malta. 1942 500 

Syria* 193Z 450 

Gul'i:unda. ,....:....,,..,..,. i§c>9 40a 

Eipon' 1908 450 

Delhi iSgS 400 

Barwla. 1873 400 

Carcatic ._ ,. .,.,.,..,.,,1770 400 

Hangoon. 'TT^ 400 

Orissa 1646 300 

MEUsilla* ...1640 400 

Delta". 1618 40D 



TOBI. 

Bchar 1603 

Ellara ......,..,..,..1573 

Emeu., 1538 

Geelong 1504 

Benares 1491 

.Salsette... ..,..,., ,,,,,,,1^91 

NorLham '33" 

Avoca.... 1184 

Ottawa. ..............1274 

Ganges* 1190 

Singapore*....,., ri<)o 

Bombay „i.,,,, ,11-8$ 

Madras. ;....IlS5 

Peklii' 11S2 

Euxiae* ii6g 

Sultan , .,,......,1124 

Noma ((6g 

Cad-b S16 

Adcc,,.. ,.,..,,„,, §12 

NepaiJ ...,. 796 

Niphou. ; ygna 

A70L 700 

FoiTOQsa... 675 

Gransda..- 561 



pewcr. 
300 
300 
300 

aso 

40D 

400 
400 
2^0 
200 

470 

470 
27s 

275 
.400 

400 
210 
230 

220 

2ta 

200 
140 

iSo 

'S5 

160 



The steamers marked* are paddle, all the others are screw; 
they do not comprise any equal in sUe to the largest of the 
Atlantic steamers. The organisation of the mails, leaving 
Southampton four times a month, in such way as to accommo- 
date the various Oriental regions, and Unite all into one general 
chain, is a marvel of exactness, despite the fact that some of 
Ihem fail in punctuality occasionally. 

Estimates of distances at sea vary according as the mileage is 
measured on a chart, or as taken on the average of actual 
voyages, under all the circumstances of wind, tide, and current; 
"but it may be useful to give the company's own table. 
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Miles. 

Southampton to Gibraltar ligi 

Gibraltar to Molta 781 

Malta to Alexandria................ Srp 

Alexandria (a Sacr, (rati) 252 

Sues to Aden... 130S 

Aden tp MaiiritiiB , 233IJ 

Aden Eq BamSjay.,,...., ,,,.7664 

Aden to Ceylon 2J34 

Bombay to Ceylon 911 

CeyloH to Madias. [|4| 



UHes. 
MadiAS to CiLlcutti 1'jo 

Ctylrya to, Penang, IZ13 

Penanf to Singapore,,,, 381 

Singapore to llong Kong 1437 

Hong Kong to Shajighae., 800 

Sliangliae to Nngasaki 460 

Sha.ngha-e to Vokuhama lOfO 

Ceylon to K. Ceoige's Sound,... 3330 

K. G. Sound to Melbourne. '34'C' 

Melbourne to Sydney 5^ 



The totals come out thus: Southa^rapton to EomMy, 6t75 
miles J to Calcutta, 7960; to Hong Kong, 96715; to Japan, 
11,516; to Sydney, 11,875. The overland passage through 
France saves 1450 miles of sea, at the expense of 740 miles of 
railway, 

By a new contract, signed eafly in 1866, the Peninsular and 
Oriental Company bind themselves to convey the mails between 
Southampton and Alexandria in 310 hours; Marseilles and 
Alexandria, 155; Suez and Calcutta, 499; Bombay and Hong 
Kongj 413; Hong Kong and Shanghae, S4 ; and Suez and 
Hoiiibay, 312 hours. They are to be allowed a few hoi.u'a' grace j. 
but anything beyond 24 houre involves a forfeit of ^50 per 
day; on the other hand, they receive ^£2-^ per day for expediting 
or anticipating the delivery of die mails. 

There is some probability that when tlie Mont Cenis 
Jtailway is fiaishedj and unbrolsen railway communication estab- 
lished throughout France and Italy, the mails for the East 
will be conveyed overland to Brindisi or some odier port 
in tiie Adriatic, and thence conveyed by steamers to Alexandria 
— a quicker route than vi& Marseilles and Malta. Captain 
Galton reported on this subject somewhat fully to the govern- 
ment in tlie summer of i865. 

The young and vigorous colony of Queensland in Australia 
has done a bold thing. Beginning with 1S66, she has sub- 
sidised a monthly mail from Brisbane, and other Queensland 
ports, to go through Torres Straits to Bataviaj where her mails 
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are tran-^erred to Dutch mail steamers going to Singapore; 
whence they proceed to England. 

Were it within the scope of tliis small volume to notice all 
the enterprises relating to ocean steam transit, we should have 
much to say concerning the wonderful trade maintained between 
Liverpool and the Mediterranean, carried on by several distinct 
fleets of O'cean steamers, owned by wealthy firms and companies, 
and comprising vessels as large as 2500 tons burdeiL Almost 
■every riook and comer in the Mediterranean is penetrated by 
these steatners. 



§ IX. WEST INDIA MAIL STEAMERS. 

The necessary result of the successful voyages of the Atlantic 
and India steamers, was the establishment of other lines of 
steam communication with countries beyond the sea. The 
value of our possessions in the West Indies, and the importance 
of OUT trade with the rich countries of South .Ajnerica, indicated 
very clearly the direction of another Atlantic route. The postal 
commuttication with these countries was in those days very 
defective. Even the best sailing-vessels, in the most favourable 
weather, were four weeks on the voyage; and though the mails 
were despatched twjce each month from England, yet the com- 
munication between the various islands and the American 
continent was neither regular nor certain. In 1840, a contract 
was made between the Admiralty and the Royal Mail Steam- 
packet Company, in which the latter agreed, for the sum of 
^£240.000 per annum, 'to provide, maintain, and keep sea- 
worthy, and in complete repair and readiness, for the purpose of 
conveying all Her Majesty's mails, a sufficient number (not less 
than fourteen) of good» sttbstanttaJ, and efficient steam-vessels, 
of such construction and strength as to be fit and able to carry 
guns of the largest calibre now used on boaril of Her Majesty's 
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S-team -vessels of war, each of siich vessels to be always supplied 
with first-rate appropriate steam-engines of not less than 400 
collective horse-power; and also a sufhcient number {no't less 
thin four) of good, substantial, and efficient sailing-vessels, of at 
least 100 tons burden each.' The steamers were to sail twice 
every month to Barbadoes ; and from thence the mails were to 
be distributefl to the other islands and the continent The 
original plan of the voyages of these vessels was described 
by one of its most earnest and sanguine promoters as a scheme 
'which united the British colonies in North America with the 
British colonies within the northern tropic ; which made Bartia- 
does the highway froai all Eastern South America to Europe 
and to North Araerica; which made Jamaica the great road 
from all Western America and New Sputh Wales to Britain; 
which made Nassau the central point to catch everything from 
and to the Gulf of Mexico; and which connected all the 
western world iti one unbroken line of rapid and regular com- 
mercial communication.' The total number of miles to be 
annually steamed was 684,816 ; and the contract was to be for 
ten years, to commence in 1S41. The company had thus less 
than two years to make preparations for an enterprise that was 
truly gigantic. Twenty ships, fourteen of them steamers of the 
largest class, bad to be built, equipped, and manned by the 
most experienced officers and crews that could be obtained. 
Anangemetits of a far more co^mprehensive and complex nature 
than were necessary for a voyage to Halifax or New York 
required to be made; for though the voyage across the ocean 
was in both cases equally easy, yet the branch-lines of com- 
municatioti necessary to accommodate so many different islands 
could only be successfully wrought by a rare union of skilful 
arrangement and efficient management, of which the history of 
steam navigation afforded neither an example nor a guide. The 
fourteen vessels were named after the rivers of tlie countries 
where they were built, as follows : 77iames, Medway, Trtnt, and 
Isis, built at Northfleet ; Severn and Avon, at Bristol j Tweed, 
Ciyde, Tevioi, Dee, and Solway, at Greenock ; Tay, at Dum- 
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barton; Forth, at Leith ; Medina, at Cowes, Isle of Wight 
The total cost of these ships was not much under a rrallioii 
sterling. The run from Southampton or Falmouth to St Thomas* 
in the West Indies, generally took about iS days, and the same 
home-. The cotnpany sustained very heavy losses in performing 
the service J six of their finest steamers were entirely lost : the 
Solway on a dork night after leaving Corunna in Spain; the 
F(ift/t and the Tweed on the Alacranes rocks in the Gulf of 
Mexico ; the Act/ion in rounding the point near CartJiagena in 
the Gulf of Darien ; the fm off Bermuda qn her way home ; and 
the Midina on a reef at Turk's Island, north from San Domingo. 
On the expiration of the first mail contract a new one wa,? 
entered into; and the terms and routes have since undergone 
many changes. The actual fleet belonging to the company in 
the summer of iS66, with tonnage and horse-power, presents the 
following particulars : 



Kegistettd Ho-rsc- 

To linage- powcc. 

Sliannou , 3473 3oo 

Seine ...3440 800 

Atrato 3126 Scx) 

La Plata aSaG 1000 

Douro .- 2S24 500 

Rhone 273S 500 

PoTsna -.-5730 Soo 

TasmanU 2445 55° 

Ondda. 2284 530 

Tyne. .,..,..... igi6 400 



Rc£i3tcml Harsp- 

To linage. power. 

Tamar -iTQ? 400 

Solent 1689 400 

Danube 1670 400 

Eider....... 1564 300 

Arno 103S 250 

Mersey rooi 350 

Cqhwa;,..,, S95 260 

Derwent,,,., 794 260 

Wye 753 180 



All these nineteen ship."; are named after rivers, except one, the 
Tasmanict. It will be seen that not one of the steamers which 
started the sen-ice in 1843 is to be found in this list; all were 
lost, worn out, or tmnsferred to some other service. Id 1 S5 1 
no steamer in the company's fleet was SO large as sood tons 
register; but now there are six^ the La Plata., Danro, Rko».c^ 
Parana, Tasmania, and C'^^oi/a, between 2000 and 3000 tons; 
while tl\e magnifioent Shanmn, Seim, and Atrato exceed 3000 
tons each. Seven out of the nineteen, including the three just 
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named, are rron-built: paddle steamers ; six are timber-'biiilt 
paddle; and six are iron-built screws. 

Concerning the routes which these steamers follow in deliver- 
ing and receiving loails, passengers, and goods, the details are 
too intricate to be traced with any useful result herej but a 
general idea of them may be given. We must bear Jn mind 
that the scope of the scheme embraces the West Indies, Mexico, 
the republics of Central America, Brazil, and tlie Argentine Con- 
federation, so far as concerns the ports on the Atlantic sea- 
board ; of the Pacific ports, a liLde will be said afterwards. 

A glance 3X a map of the West India Islands will shew that 
between the largest of these (such as Cuba, Jamaica, and Hayti) 
and the Atlantic Ocean, there is a long chain of islets stretching 
from the coast of Florida to the mouth of the River Orinoco, a 
distance of nearly 2000 miles. Almost in the centre of this 
chain, with its eastern shores exposed to the Atlantic, and its 
western to the Caribbean Sea, lies the little island of St Thomas, 
belonging to Denmark. Though only 37 square miles in extent, 
or about one-seventh of the size of the Isle of Man, its spacious 
and safe harbour has long rendered it one of the greatest rnm- 
mercial emporiums in the West Indies. This litde island has 
been chosen as the great rendezvous for the West India mail- 
steamers — the centre, as it were, from which radiate all the 
branch-lines of comtiiunication. It is to the AVest Indies and 
Central .America what Southampton is to the British Islands and 
the continent of Eiwope. From Southampton a steamer sails on 
the zd and 17th of each month, and after a direct voyage across 
the Atlantic of 3622 miles^ arrives at St Thomas in 15 days after 
leaving England. The mails and passengers are then distributed 
among several steamers, which start off in various directions. 
Some of the mails, proceed to cross the Caribbean Sea ; and 
after steaming 6go miles, enter the excellent harbour of tlie old 
Spanish city of Santa Martha, on the north shore of South 
America; and then, in loj miles more, the best and largest port 
on that coastf near the city of Carthagena,* with its fine old 
cathedral, its public cisterns, and its traditions of the Spaniards 
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and Sir Francis Drake. After further distances of 380 miles to 
the Panama Railway, and 280 to Greytownj the mails reach the 
mouth of the river San Juan, which connects the Nicaragua 
X»ite with the sea. Another route is from St Thomas to the port 
of St Juan, in the Spanish islaml of Porto Rico, The distance 
is 65 miles. Then the steamer proceeds to Port Royal, the old 
capital of Jamaica, distant from St Juan 643 miles, In five 
days more the -vessel has steamed iitS miles, and arrived at 
Vera Ciuz, a city built on the spot where Hernando Cortez first 
landed, and now the chief seaport of Mexico. After proceeding 
350 miles northwards to Tampico, another Mexican seaport, the 
eml of this route is reached, Jacmei in the island of Hayti, 
Havanna ia the island of Cuba, and Belize in Honduras, are all 
visited once if not twice a month. Another route, although only 
1S3S miles from St Thomas and back again, involves calling at 
no fewer than ten places, some of them distant only it miles 
from each other. They are^ — St Kitts, a little island, the greater 
part of which is occupied by a mountain 3 7 1 1 feet high, bearing 
the sad name of Misery; Nevis, an islet only 6^- miles long; 
Mantserrat, another tiny island; Antigua, with an area of loS 
square miles; Guadaloupe, the best of the islands remaining to 
France^ Dominica, once French, but now British; Martinique, 
where Napoleon's Josephine was bom; St Lucia, with its 
magnificent harbour; Barbadoes, one of the oldest colonies of 
England ; and Demerani, on the mainland. There is a branch 
steamer at Barbadoes, ready to exchange mails, and proceed to 
Tobago byway of St Vincent; Carriacou, a very small island, 
from, whence the mails are despatched by the inhabitants in a 
boat ; Grenada, an island where the company have a coal depCiit ; 
and Trinidad, the largest, except Jamaica, of the British West 
India Islands. The round from Barbadoes to Tobago and back 
is a distance of 702 miles. 

The exact details of these voyages need not be given here ; 
the general principle of the system wilt be sufficiently understood. 
The days and hours are calculated with great carcj m order tliat 
aU the home mails from all the islands and ports may reach St 
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Thomas in time for the return- j otirney to Southampton. Fot 
example, the mail that leaves Southampton on the 2d of every 
month reaches St Thomas on the 17th; and the mails by the 
aid. of other vessels reach Barbadoes on the 20th, Jamaica on 
the 2ist, Trinidad, Demerara, and Colon or Aspinwall (Panaiaa 
Railway) on the asd, Vera Cruz on the 27th, Carthagena and 
Tampico on the sSth, and other ports and islands on various 
dates. Whether large or small intercolonial steamers convey the 
mails, they must alike be timed so as to get the mails back to 
Sc Thomas on appointed days. The two great mails from 
Southampton leave on the 3d and i7tb ; the two from St 
Thomas homeward leave on the i gth and 30th. Jamaica, 
Barbadoes, Trinidad, Demerara, and Panama are accommodated 
by both mads ; but the Other islands and stations are placed in 
connection with only one mail eacli month, out and home. 
Speaking roughly, we may say that the steamers occupy a 
fortnight in getting from Southampton to St Thomas, a fortniglit 
in delivering and collecting mails at die principal intercolonial 
stations, and a fortnight in the home voyage from St Thomas to 
Southampton — or six weeks altogether. 

What a scene is Southampton Docks on the days of departure 
of the great steamers to the East and the West ! And what a 
momentous affair is the commissariat, the ' bill of fare,' the 
larder, the hst of eatables and drinkables, fur one of these uoble 
steamers ! All have to be thought of, from the captltn doivn to 
the cabin-boy, and the passengers whether first or second class; 
and all must be pro\'isioned, not only for an out and home 
journey, but for the chance of detention on the way. Long 
experience has given the purser and steward an exact knowledge 
of the names and relative quantities of all the articles needed; 
whUc the provedore superintendent, on the part of the company, 
sees that the pureer is furnished with these supplies before the 
ship starts, 

Let us fix our attention on the supplies for one of the large 
West India mail steamers, which set forth from Southampton in 
the spring of 1866. By tlte courtesy of the authorities we are 
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enabled to do this. First then, of Erend and Miah there are 
3 cwt. of cabin biscuit, iSo lbs, wine biscuit, 15 bags ship's 
biscuit, 50 barrels cabin UouTj 336 lbs. oatmeal, I2p lbs. ginger- 
bread nuts. Then Grcca-ids : 4:5 lbs. tea, 700 lbs. coffee, 14 
lbs, chocolate and cocoa, 300a lbs. sugar fur cabin, 5 casks 
sugar for crew, 560 lbs. currants and raisins, 270 lbs. tigs and 
dates, 360 lbs. French plums^ 55 lbs. pepper and spices, 614 lbs. 
rice^ 48 lbs. arrowroot, 56 lbs, sago and tapioca, 100 gallons 
split peas, 4 bushels walnuts and Brazil nuts,, 1 1 3 lbs. Normandy 
pippins, and quantities which we need not exactly specify of 
almonds, assorted essences, Barcelona nuts, candied pee], 
isinglass, farina, iSrc Then come the multifarious articles in- 
duded under Oilman arid Confectionxr's Stores: aoo lbs. caiidlesj 
30Q lb5. jams, 400 lbs. marmalade, 800 lbs. salt, 130 quarts 
pickles, iQQ lbs. maccaroni and vermicefU, 60 gallons vinegar, 
500 lbs. soap, 113 lbs. soda, 40 lbs. mustard, and enough to 
stock several dealers witli anchovies, blacking, bottled fruits, 
black-lead, chutney paste, cod sounds, ciirry-powder, dried 
herbs and seeds, emery-powder, gelatine, groats, red and salted 
hftrlngs, hops, jellies, oil, volatile salts, olives, pearl-barley, 
capers, pickled mushrooms and ketchup, sardines, pickled 
salmon, sauces, soy, salt tripe, lemon-juice, whiting, Bath-bricks, 
rottenstonc, and plate-powder. Live-steck figure to the eixtent 
of one cow and one calf, 50 sheep, 12 pigs, 300 fowls, 96 ducks, 
36 geese, and 34 turkeys. D(ad Meat and Fmilry exhibit the 
items of tooo lbs. beef, 300 lbs. suet, 3 carcasses mutton and i 
limb, one carcass each of veal aud pork, ^o ox-tails, 120 lbs, 
sausages, 130 fowls, 6a ducks, 34 geese, 30 turkeys, 60 pigeons, 
60 rabbits. Salted atid Ciireii Meats comprise 10 tierces salt 
beef, 224 lbs. corned beef, ra barrels salt pork, 300 lbs. bacon, 
50 hams, 150 lbs. Hamburg beef, 24 pickled tonguesj i cask 
foreign tongues, 30 Bath chaps. jPrcsen>ed Frovkioiis, mostly in 
2-lb. tins, present a weight of r»oo lbs. of essence of beef, 
chicken and mntton brotlis, calves' head, jugged hare, giblet 
soup, mock turtle, muUigata^my, ox-Liil soup, bouiUi, salmon, 
vegetable and hare soupSj haddock, herringj French beans, 
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cairot, green peas; together with loo pints of oysters, and iia- 
pints and tins of dessicated and condensed milk. Then come 
the J^isA, for the saloon passengers: lao lbs. cod, loo lbs. 
turtot, 60 lbs. ee!s, 50 pairs soles, with haddocks an.d 
oysters. In Ckiesemifn^ery the chief items present themselves as 
9 firkins Irish butter, 40 lbs. fresh butter, i jar butter, 48 Nortli 
Wilts cheese*, 48 Dutch cheeses, 14 lbs. lard, and nq less than 
8000 eggs. Then, we come to Vegetables: 60 cwts. potatoes, 4 
barrels parsnips and ttimips, eo barrels carrots and onions, 3 
batrcls beetroot, 12 dozen horse-radish, is dozen cabbages, 20 
bushels saladf 2 bushels parsley and water-cress, i lb. garlic, 
&c. Fniit is, of course, not a very lai^e entry ; yet it comprises 
4 chests oranges, 4 barrels boiiling-apples, 4 barrels dessert- 
apples, 60 lbs. grapes, and 50 lemons. As there are live-stock, 
there must be FoddEr; and this comprises 18 bales hay, G sacks 
barley, 6 sacks barley-meal, 12 sacks oats, 3 sacks peas, 6 sacks 
bran, i bushel linseed. Now for that very important item, 
ISqmrs, occupying no small amount of space in the purser's 
domain. Those passengers who rise to the dignity of wine are 
supplied witli S4 bottles port, 564 botdes sherry, loS quarts 
still moseile, 144 quarts sparkling moselle, loS quarts hock, 
108 quarts sauterne, iSo quarts claret, 480 quarts medoc, and 
162 quarts champagne. The spirit-drinkers are supplied with 
180 gallons and 84 bottles mm, 50 gallons and 216 bottles 
brandy. 36 bottles hollands-, 144 bottles whisky, io8 bottles gin. 
Then the drinkers of malt liquor find in store 1030 quarts ale, 
2040 pints ale, 480 quarts porter, 1200 pints porter. Among 
miscellaneous beverages are 2400 bottles soda-water and 
lemonade, 360 pints Seltzer water, and 144 pints of various kinds 
of cordials and liqueurs. Lastly, among the odds and ends (but 
whidi of course the provedore would dignify by some other 
name) are 300 lbs. tobaccOi 50Q cigars, 10 tons ice, and 60 
packs oi cards. 

We have taken no account of the distinction between passen- 
ger provisions and crew provisions ; hungry men claim the 
privilege of being fed on sliipboard, whether they are fore or 
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aft ; and the provedorc Kas to think of all of them. It will 
suffice if the above enumeration gives the reader some idea of 
the acpount of forethought and care, registering and account- 
keqjing, packing and stowing away, guarding and watching,' 
called for in victualling one of our great ocean steamers, and 
SUpplpng every one on board with all his eatables and drinlc- 
ables from the time the ship leaves Southampton till it returns to 
the same part 



§ X. CENTRAL AND SOUTH AMERICAN MAILS. 

We must now present a few details concerning the operations of 
tiie Royal Mail Steam Company in South America, and of other 
companies in that region as well as in Central America. 

On the 9lh of every month a steamer leaves Southampton for 
Rio Janeiro in South Araerica, where she is expected to arrive 
on the sth of the following month. She steams across the 
Stonuy Bay ,of Biscay, and dowu the Portuguese cOiist until 
she arrives at IJsbon 1 after waiting a few hours she stearas In 
Madeira, distamt from Lisbon 535 miles ; a fresh supply of coal, 
if required, is here shipped, and after waiting iz hours, the steam 
is again got up, and the helmsman steers due south. Under the 
old contract, the mail steamer arrived near the far-famed Peak of 
Teneriffe in aboutadayandaquarter : six hours were spent here, 
and then the vessel ran along the African coast to St Vincenl, one 
of the Cape dc Verde islands, distant from TeiJcriffc 850 miles. 
A day and a half was spent here, and more coal shipped; and 
in little more than a week after leaving St Vincent, the steamer 
had crossed the Atlantic, and delivered her mails at Pemambuco, 
the third seaport of Brazil. In sLs hours she started off again 
Aavn tlie South iVmerican coast to Bahia, and from thence to 
Rio Janeiro, the capital of Brazil, and the largest city of South 
America, A steamer was in waiting at Rio for the vessel from 
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EngUnd, whose southern mails she receaved, and then started fof 
Monte VideOj capital of the republic of Uruguay, distant from 
Rio Janeiro 104c miles; after waiting a. day and a quarter, she 
departed for Buenos Ayres, 130 miles up the moutli of the river 
La Plata, and arrived there in i& hours. A fortnight after she 
started on the return-voyage to Rlo Janeiro, there to meet the 
steamer returning to England, 

Under the present contract, however, the service is managed 
in a somewhat different way. The steamers employed are 
lai^er and swifter, the number of jilaces stopped at is smaller, 
the time consumed is lessentJ, and certain ports and islands are 
accommodated by other mail-routes. The fine larg'e steamers 
Dauro, li/wnc, Oneida, and Farana are placed on the Southamp- 
ton and Rio Janeiro route. One of these leaves Southampton 
on the 9th, gets to Lisbon on the i4tli, St Vincent (Cape de 
Verdes) on the aad, crosses the Atlantic, Teaches PemambucQ 
on the 30th ; thence to Eahia on the 2d of the following momli, 
and to Rio on the 5th — twenty-six days after leaving England. At 
Rio a branch-steamer, the Ariio or the Mersey, is ready Lo convey 
the mails further aonth, reaching Monte Video on the 14th, and 
Buenos Ayres oa the 15th. The whole course of the mail to 
Rio is 26 days out, 4 days stop, 26 days home, or 56 days 
altogether. To Buenos Ayres and back, including all stoppages, 
the course of post is 82 days. 

Thus the Royal Mail Steam Company, taking all its services 
* together, embracing do less than 85 degrees of latitude, accom- 
modate the whole of the Atlantic coast of America, from 'Mexico 
down nearly to Cape Horn; together with all the islands along 
the coast, and two points on the old continent 

Southampton by no means monopolises the steam-trade vidth 
the West Indies and South America. Liverpool claims a place, 
as is her wont, on every sea on the globe. In 1S63, a company 
was formed with the long name, ' Liverpool, West Indian, and 
Ccntml American Steam-navigation Company;' another called 
the 'Western and Spanish American Steam-ship Company;' and 
anodier called the ' West India and Pacific Steani-ship Companj.' 
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These have gradually combined ; and now a very important 
steam-trade is maintained between Liverpool and nearly all the 
important places in and around the Gulf of Mexico. They carry 
ihe mails to Honduras and Mexico; while Belize, Tampico, 
Aspinwifll, Trinidadj Santa Martha, Barbadoes, Demerara, and 
other places, are visited by fine large steamers for passenger 
and merchandise traffic. The company's fleet is a large one, 
considering the recency of its fonnation ; it comprises about 
twenty steamers, including the Granadhn, Ckiliatt, Colsmbtan^ 
■Cuban, Darien, Caribbean, Californian, Amerkaii, West Imiian, 
Jiuriipmn, Vaiesiielan, AudraHarr, and Afrkan, some of them 
exceeding asoo tons, So enterprising are now (tS66) die opera- 
tioas of the company, that steamers run three times a month 
between Liverpool and the Isthmus of Panama. 

The Frcncli are also doing something in this matter. The 
steajiiers of the ' Compagnie Gendrale Atlandqut;' keep up a 
monthly comraunication with the West Indies and South 
America, 



§ XI. OCEAN STEAMING IN THE PACIFIC. 

Y.sim. since America was discovered, men have ardently wished 
that tlie Atlandc and Pacific could be connected by cutting 
tliroiigh the Isthmus of Panama. The importance of such an 
undertaking, by shortening the voyage to China and other parts 
of Asia, as well as to Australia and the west coast of America, is 
obvJou-s to aJL who cast even a hasty glance at the map ; but the 
discovery of gold in California has rendered the cutting of the 
Isthmus an object of still greater interest Two attempts were 
making sbout tlie year 1S51 to cross this narrow strip of land : 
one by a railroad, the other by a ship-cand. The first of these 
was at Tehuantepec in Mexico, considerably to the nordi of 
Panama; the length of the railroad was to be about 136 miles, 
and the estimated cost ^^4,000,000, The other project was by 
the Lake of Nicaragua; its length about no miles, and its cost 
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estimated at ;£"8,ooo,coo, These projects were the subjects m 
several treaties, with the view of rendering the hnes of canal and 
Tailway, when completed, great pubhc highways for all the 
nations of the world The treaty between Mexico and the 
Uqited States with regard to the first, datet! 23d June 1850, 
contained this ratiarkable stipulation : * The line of route, with 
thirty miles ou each side, shall be neutral in any war;' and in ^_ 
the convention between the United States and Great Britain, ^| 
signed at Washington 19th April 1850, the object of the con- 
vention was decbred to be ' that of constructing and maintaiaii^ < 
the said canal as a ship commimication between the two oceans 
for the benefit of mankind, on equal terms to all, and of ^m 
protecting the same.' ^| 

In the meantime, however, the transit across the isthmus was 
by land, and the points of connection were Chagres on the east 
and Panama on the west From the latter two lines of steam 
communication were organised — one to the nortli as far aa 
San Francisco in Cahfornia, the other to the south as far as 
Valparaiso; the mail service of the former being performed in 
American, and that of the latter in British vessels. The contract 
with the Pacific Steam-navigation Company came into force 
in 1846, The company possessed five steamers, the aggregate 
tonnage about 3000, and hotse-power 995, The mails were 
carried once a raiinth trora Panama to Valparaiso aivd back, 
calling at Guayaquil, the chief seaport of the republic of ^_ 
Ecuador — Callao, the principal seaport of Lima — Arica, ^| 
the outlet of a rich mtning district of Peru- — Copiapo and 
Coquirabo, also noted for their exports of silver-— and at a 
aumber of ports of less note, thus establishing regular postal]^| 
communication between all the civilised states of the western ^* 
coast of South America. The distance steamed each year was 
110,887 miles, and the sum received by the company, ^ncifioa. 
The history of this company affords an exampie of the necessity 
of a mail contract to make ocean Steam navigation profitable. 
In 1840, the projector, Mr Wheelwright, obtained from the local 
governments tlie exclusive privilege for ten yeaii of conducting 
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the steam communication along the coast; but during the five 
yeajs that the company were without the mail contract, the 
losses of the Undertaking amounted to two-thirds of the paid-up 
capital. To Panama these vessels conveyed very large quantities 
of specie, the produce of tlie world-renowned mmes of Peru; 
and to ttie same port the American steamers brought from San 
Francisco the produce of the gold-mines of California. Ali this 
silver and gold crossed the isthmus, and was re-shipped for 
Europe and the United States at Chagres. The value of the 
gold-dust brought by the steamers from California to Panania, 
from April 1849 to October 1850, was estimated at 25,000,000 
American dollarsj or about ^^SjOoOjOoOj being equal to the total 
value of the produce of afl the American mines, both of gold and^ 
silver, in 1S3S. 

The change actually raade in the fifteen years which have 
elapsed since 1S51, is less on the Panama rOute than on many 
others of our great ocean lines. The Mexican railway from 
Tehuantepec has gone out of consideration, and so has. the 
canal in Nicaragua; nothing practical has been effected id 
reference to either of them, nor are any negotiations at present 
on foot There is, however, a railway at Panama, now forming 
the great route from the Atlantic lo the Pacific; this Ime is 
only 4S miles in length, from Colon or Aspinwall in the Gulf of 
Mexico, to Panama on the Pacific coast. It ascends by easy 
gradients towards the summit-level from eitlier ocean. The 
construction, however, was attended with much dilBculty; the 
interior, intensely and unhealtliiiy hot, was fatal to large 
numbers of the labourer employed ; while the first twenty-three 
miles had to be laid on piles or crib-work, and filled in with 
earth. Since tlie complete opening of the line in 1S55, the 
trade has year by year increased; the total absence of anything 
hke competition, and the enormous saving of time in adopting 
this route on the way to the Pacific, have tempted the Panama 
Railway Company to adopt a very high tariff of fares and 
freight; as a consequence, it is the most expensive line in the, 
world to tHLvel upon, as estimated per mile. 
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Panama is- now a great port of departure for ships, man 
steamers, and trading sailers. T\\t Piic-ific tride, in connection 
with the West India mail steamers, is thus managed. The 
steamers arrive out at Aspinwall, at the Atlantic end of the 
Panama Railway, on the 8th and 3sd of each raontli; and trains 
run on the railway to fonvard mails, passengers, and goods. 
Througli-tictets arc- issued between Soutlmmptoa and more than 
twenty Pacific ports; to some of which the mail and passenger 
steamers proceed from Panama twice a month, to others once. 
]ty this means the whole of the Pacific coast of America is 
accommodated, whether belonging to Chili, Pern, Bolivia, 
Ecuador, Grenada, Guatemala, Mexico, the United States, or 
Urirish America. All sorts of money are talten by the com- 
panies, owing to the number of different states and countries 
accommodated^ American eagles, American dollars, Spanish 
dollars, Chilian coiidors, Grenada condors, and gold or silver 
five-franc pieces. Some of these coins have a size and value 
far exceeding those of our sovereign ; the Chilian condor is 
reckoned at 37J., the Grenada condor at 35J., aod the American 
eagle at ^if. 

Southward from Panama, the chief traffic is in the hands of 
the 'Pacific Steam-navigation Company,' The service is three 
times a month between Panama, CallaO, alld Valparaiso; and the 
days are so fixed thatj when the steamers arrive at Pananm, 
and the mails, passengers, and freight have been conveyed on 
the railway, they arrive at Aspinwall in time for tlie various 
mail steamers to Europe. The smaller Pacific ports of Gua- 
yaquil, iScc. are accommodated only once a month in each 
direction. Northwardt; from Panania, the chief traffic is in the 
hands of the ' United States Pacific Mail Company.' Steamers 
leave San Francisco three times a month, stop at Acapnlco and 
Manzanillo, and end at Panama ; whence the mail:?, passengers, 
and freight, after crossing the isthmus by rail, are received at 
Aspinwail by Atlantic steamers belonging to the same company, 
which convey them to New York. Some of these voyages are 
timed so aa to agree with those of the steamers from Aspinwail 
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to Liveqiool; while others suit better with tlie route to Soutli- 
ampton, 

Near and around Panama, in. "what is known by the general 
designation Central America, the steam traffic is mostly man- 
tled by the Panama Rallivay Company's Central American 
steamers. The steamery start twice a month from Panama to 
variouH ports in Costa. Rica, Nicaragua, and Salvador, and end 
at San Josd de Guatemala; whence tiiey return on stated days. 
These, like the two otlier groups of steamers, work in ivitti 
sevenU Uaes on the Atlantic, more or kss conveniently. 

The United States are not insensible to the value of the grand 
Pacific and its trade. A line of steamers was started early in 
1866 from California to Sandwich Islands, to do the distance in 
about eight days. 

But the most important mail Pacific route, so far as concerns 
the interests of England and her colonies, is that from Panama 
to New Zealand. After an abundance of negotiations, and many 
disappointiaenti, a ' Panama, New Zealand, and Australian 
Hoyal Mail Company ' has been foutided, with a subsidy from 
the New Zealand government, and a probability of aid from 
some of the Australian governments. Pour ships have been 
built for the main line, the Maiaura, Kaikourn^ Ruakine, and 
Jiakaia, screw-steamers about 1600 tons and 400 horse-power; 
and these act in conjunction widi several smaller screws from 
400 to goo tons. The large ships ply between Panama and 
New Zealand i the smaller between the several ports of New- 
Zealand, and between that colony and Australia, When the 
West India mail steamers leave Soutliampton. on the ad of 
each month, and have conveyed the passengers and mails for 
Kew Zealand to -A.spimvall, a transit is quickly made on the 
lailway, and at Panama one of the new steamers is ready to 
receive the cargo. Leaving Panama on or about the 24th, the 
steamer spans the mighty Padlic, and reaches "Wellington in 
New Zealand on tlie 21st of the following montli ; from thence, 
smaller steamers complete the tnmsiE to Auckland, Taranabt, 
JJapier, Nelson, Pictou, Canterbury, Otago, and Bluff, in New 
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Zealand, and to Sydney and Melbourne in Australia. The time 
estimated is — Southampton lo Wellington, 49 days ; to Sydney, 
57 days. The retum-voyages arc so managed as to time with 
the West India steamer, which leaves Aspinwall on the 7 th, and 
gets to Southampton on the 29th. It remains to be seen 
whether a saving of 2000 miles over the Suez route to New 
Zealand for the mails and best-paying passengers, and of 40OQ 
miles over the ordinary sailing-ship route for merchandise and 
low-fare passengers, will render the scheme permanently success- 
ful — aided as it is by a subsidy of ^iio,ooa. 



§ XIL THE GREAT EASTERN STEAM-SHIP. 

This most marvellous of all ships was fittingly designed by 
the engineer of the Great Western Railway — -a daring tnan, 
whose genius shewed itself in many departures from the ordinary 
routine of his profession. But though Mr Bninel designed It, 
rtnotJier engineer made the discoveries which suggested the adop- 
tion of a ship far larger than any before known. This was Mr 
Scott Russell. He set himself as a problem to be solved — 
What is the form of ship that will pass most readily through the 
water? and, as a consequence, Wliat is tlie size of ship that can 
be worked most profitably in long ocean voyages? Mr Scott 
Russell, as an engineer at Glasgow, had his attention drawn, 
more than thirty years ago, to a scheme for propelling boats 
rapidly on canals; and he made many experiments as to the best 
fomi of boat for this purpose. Having communicated the result 
to the Britiah Association, lie was empowered by that body to 
continue his expeiiraentSj in conjunction with Sir John Robinson. 
Their allotted duty was — to determine the nature and laws of^ 
the different kinds of waves; to find the nature of the connection 
between the motions of waves and the motions of floating 
bodies; atid to ascertain the form of floating body tiiat would 
meet with least resistance. During a succession of yeaw, Mr 
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Russell (for the laboiir mainly devolved upoo him) made a series 
of valuable reports on the results obtained. He ascertained the 
existence of ditferenc kinds of waves, one of which, called by 
him the Great Primary Wave of Translation, he found to be the 
one which is most concerned with the movement of ships. He 
announced three propositions— that 'when a vessel passes along 
tlie surface of water with high velocity, it produces a wave of 
translation, moving with a velocity depending in some degree 
on the depth ;' that ■* whenever tlie velocity of a vessel becomes 
greater than that of the wave of translation, the vessel is carried 
along on the top ef the wave with diminished resistance;' and 
that ^in a voyage by steam in the open sea, exposed to adverse 
as ■WeU as favourable winds, there is a certain high velocity, and 
high portion of power, which may be accomplished with less 
expenditure of fuel and of room than at a lower speed with less 
power' Pracrical men at once saw that these propositions, must 
be veiy important if true : seeing diat they pomt, for every 
individual ship, to a certain definite velocity more profiLible than 
any lower velocity. Experimenting further on the- forms of 
waves, he arrived at a conclusion that the ahape of the hull oi a 
ship ought to bear a relation to these forms;, the bow rtfsembhng 
the curvature of a wave of translation^ and the stem the wave of 
replacement, Thus arose Mr Scott Russell's Wave-form, or 
Wavi-prindple for ships. No less than twenty thousand experi- 
ments were made before this result was definitely arrived at 
Not only was the bow to resemble one form of wave, and the 
stem another, but the broadest part of the ship should be a little 
behind the centre, say tliree-lifths from the head and two-fifths 
from the stem. Dr Scoresby had meanwhile been making obser- 
vations on the height and length of waves at sea; he found that 
waves vary from loo to 600 feet horizontally from crest to 
crest, in the degrees of wind varying from 'a fresh sea' to 'a 
great storm,' in sailor language. One corollary from this curious 
Ikct is, that a ship 600 to 700 feet long would always rest on the 
crests of tivo or more waves, and would never ' breat her back' 
by having the two ends unsupported over the troughs between 
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the \vaves. Yachtsmen, pirates, smugglers, and slavers, it Was 
foundj had approached very near the wave-form in their swiftest 
vessels; not because they knew anything about the form of 
waves, but because they had gradually hit upon the fonn of hull 
that gave them the highest speed. 

Out of these observations, experiments, and trials aroSe 
eventually the Ltriaihav, or Great Eastern. In 1852, an 
'Eastern Steam-navigation Company' was formed, to establish 
a. steam-route round the Cape of Good Hope to Australia and 
India* In 1S53, the directors announced to the shareholders 
an opinion at which they had arrived — that a steamer, to be 
profitable on such a route, ought to be large enough to carry 
coal for the whole voyage out and home, and to cany a large 
cargo of merchandise aS Well as passengers. The stopping On 
the way to talie in coals would entail great loss of time, while 
the cost of coal at any foreii^n station woidd be very much 
higher than at Newcastle, Glasgow, or Cardiff. Basing their 
calcuhLion on the researches of Mr Scott Russell and Dr 
Scoresby, they proposed an enormous steamer, 700 feet long, 
to carry nearly looo passengers, 5000 tons of merchandise, 
15,000 tons of coal ; and to make the voyage from England to 
Australia in 35 days, at freights and fares much lower than bad 
ever before been possible in steam-ships. They engaged Mr 
Scott Russell to apply his wave-principle, and to build tlie ship 
at his own works at Millwali ; while t3iey employed Mr Brunei to 
devi&e a mode of applying Stephenson's tubular principle to the 
ConsLmction of the hull. A piece of ground was prepared, with 
piles driven 30 feet do^vn, to rest the vast mass upon ; and upon 
this ground the ship gradually developed itself during the 
years 1S54-5— 6— j, under numerous mechanical and financial 
difficulties. 

Let us briefly describe the hull. The length is 680 feet 
between the perpendiculars, or 692 on the upper-deck ; the 
breaddi S3 feet, or iiS feet over the paddle-boxes j the height 
of hull 60 feet, or 70 to tlie top of the bulwarks. The weight 
of iron in hiill 7000 tons; launching-weighr, 12,000 tons; total 
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weight if full of cargo and passengers, 30,000 tons ; to draw 30 ' 
-feet of water at a majtiraum. (The width of Oxford Street 
would not be sufficient to receive the width of the sliip, 
includiiig the paddle-boxes; and Russell Square would not 
receive the length.) The bottom is quite flat for 40 feet in 
widtli, -without any keel- The framework comprises 35 webs 
or ribs of plate-iron, each 3 feet Tride, and immensely 
strengthened at the anglea and junction ; Uiey extend from 
cad to end of the ship, side by side at the bottom, and one 
over another at the sides ; the distance apart varying from 
3 to 5 feet ; and they are crossed at intervals by similar webs, to 
ivhicli they are finniy riveted by angle-irons. A double wall or 
double skin of plate-iron, embracing; the edges of these webs, 
makes the structure of the hull cellular, having an inner skin 
three feet within an outer. There .are 10,000 thick plates to 
form the two skins, each having the proper degree of curvature 
.according to its place m the slxip ; SOnle of these are as much as 
a8 feet long by 1 J inch thick, and weigh aj tons each. Nearly 
3,000,000 rivets were used in fastening the plates to the ribs 
and the angle-irons. Any One cell throughout the hull might 
he filled with water without its flowing into the next cell. The 
cellular structure ends about 5 feet above water-level, the hull 
being si!ngle for the rest of the height. The iron in the decks, 
the bow, the partitions, the walls, the casings, the supports, die 
angle-irons, is so l.irge in quantity and tough in quahly, that the 
whole fabric has vast strength. Ten pardtions or cross-walls of 
thick iroa-plate divide the interior into eleven compartments, 
each individually water-tight 5 and there are two longitudinal 
walk extending a considerable part of the length. What with 
the deck, the transverse walls, and the longitudinal walls, the 
interior is divided into seventy or eighty boxes— iron above, 
iron below, and iron around. To apply the waveform principle, 
there is a bow of 330 feet, a straight midship of i30 feet, and a 
Stem of 230 feet ; and the interior partitions are made to conform 
to this arrangement. 

Then for the engines, and paddles, and screw. Minor changes 

L 
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have been made in these matters diiring the ■eventful histoiy of 
llie ship; but it will be useful to describe them as originally 
constructed. Brunei and Scott Russell agreed to havt both 
( paddles and screwj to obtain the advantnges of both modes of 
prDpulsioii. There are lo botlers — four for the paddle-eogmes 
and six for the screw; each is as large as a fair-sized drawing- 
room, ajid has 400 brass flue-tubes 5 feet long by 3 inches 
diameter; and the furnaces beneath the boilers get rid of their 
smolce and products of combustion throuji(h flues and passages 
up to the funnels, of which there are five, 100 feet in height by 
f] feet diameter, liiach boiler, when full of water, weighs aeiLriy 
100 tonsj and the coal-btmkers, when full, hold 12,000 to 15,000 
tons, around and above the boiler-rooms. A monster steam- 
pipe, 45 inches diameter, conveys the steam from the boilers 
to the engines. Four steam-engineSj in two pairsj work the 
paddles; they were made at Millwail; each cylinder, 74 
inches diameter by 1 4 feet stroke, required 34 tons of molten 
racial to cast it. The paddle-wheels, worked by these engines, 
axe 56 feet in diameter, by 13 deep, with paddles attached to 30 
radii or spokes. The screw-engines were made by Eoulton and 
Watt at Soho; there are four of thera, with cylinders of 84 
inches diasieter, and 4 feet stroke; the pistons arc 84 inches 
diameter, 27 inches thick, and are attached to rods 7! inches 
thiclc. The propeller shaft is 160 feet long, 2-4 inches diameter 
at some parts of its lengtli, and carrying at its stem-end a screw 
or propeller 24 feet in diameter. As to the horsepower of the 
engines collectively, it is not safe to say much ; the makers 
declared, when all was finished, that the united force of all the 
eight engines might be worked Up to 11,500 horsc-power on 
a Stretch ; but the nominal horse-power is much less than this. 

Tben, aloft, or above die hull. Here so many changes have 
been made, to adapt the ship to the requirements of her peculiar 
Adantic service, that we can only speak of what was inlernkd iu 
the original plan. It was intended, then, that there should be 
six masts, five of iron, and one of wood, carrying 7000 yards of 
sail ; tJiat the masts, yards, gaffs, and large spars should be of 
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plate-Iron, strcngtlicned inside with t\\ics; that the shrouds and 
standing rigging should be of iron-wire ropt- ; that the anchors, 
eight ox ten in number, should some of them be 3S heavy as 7 
tons each ; tliat the diain-cabtes should collectively be a mile 
long, witli links weighing 60 lbs. each ; that there should be 
twenty small engines in various places, to pump water, fill the 
boilers, work the capstans, and do otiier work to save the 
labour of the crew; that there should be two Ecrew-stcamera— 
equal ia %h.t to the Thames penny boiits — hung on davits 
abaft the paddle-boxes; besides twenty oliier boats, decked or 
imdecked- 

And the like may be said of the acconiinodation below stairs 
fmr passeiigersjmd cargo. As no attempt has been made to steam 
the Crest Eastern to Australia or India., many of the proposed 
arrangements have not been wanted. So far as the construction 
of the hull is concerned, the ' potentiality ' of the ship may be 
thus summed up. The seventy or eighty iron-walled cells 
into which the interior is divided, admit of greatly varying the 
ratios of first, second, aJ^d tliird class passengers, and caryo, A 
certain mode of adapting these would enable them to accom- 
modate Soo first-class or saloon passengers, sdoo second-class, 
ijoo thud-class, and 400 officers and crew^44oo altogether. 
Such a crew, for such an unexampled number of passengers, 
would be about one-third sailors, one-tiiird engineers 2nd stokerSj 
and one-third domestics. Wliether the saloon passengers were 
few or many, the saloons themselves have a height of 13 feet 
'tween decks — a fact wholly unparalleled in ship accommodation. 

Such is this wonderful ship, partly as she really presents her- 
,self at the present day, partly as she would be if the original 
plan were fully carried out The launching-weight being i2,doo 
tons, extraordinary precautions had to be taken. The vessel 
n-as built sideways, or broadside towards the water, in order 
that the immense length might not be an obstacle to the launch- 
ing; immense timber foundations had to be used; and sloping 
ways were formed on the tirabcr, down which the vast mass 
might slide into the water. The launching, attempted Novembet 
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2,, i&S 7' failed ; tlie apparatus for checking was too mucli. for the 
apparatus for pushing and pulling, and the ship stuck haJf-way. 
After numeraus abortive attempts, and the expenditure of 
_^6o,ooo for labour and materials, the launching was effected 
Jatitiary3i, 1858. The work of finishing and fitting went on 
slowly ; the company had spent all their money, and could only 
raise more with great difficulty and on very disadvantageous 
terms. The name Ltviatbau had been changed to Grtat 
Eastern, and this to Great Ship; but the second name has 
remained the permanently popular one. In the autumn of 1859 
the mighty fabric *vas Still in the Thames, advancing slOwly 
towards completion. Whether she would ever obtain enough 
passengers and cargo to pay for a voyage to Australia and back 
was a problem left for time to solve ; a voyage to America and 
back was resolved on in the first instance. The ship left her 
moorings for the fifst time On September 7, and anchored for 
the night at Woolwich ; on the 8th she went to the Nore, and 
anchored again. While off Hastings on the gth, a tremendous 
explosion took place among the steam machinery, bringing 
ruin and even death on board ; it would have shattered the 
hull of any existing ship excepting herselfj when the ship 
reached Weymouth, there were seven dead on board, Itcsides 
many odiers seriously injured. Mr Brunei died on September 
15, and therefore did not live to see his noble ship brave the 
real perils of the ocean ; for it was of course only a coasting- 
voyage from the Thames to Weymouth. Having undergone 
repairs and alterations, the Gyeat Eastirn started on her first 
voyage across the Atlantic, leaving Southampton June 17, i860, 
and reaching New York June 2S. After bting made a show- 
ship for some time, she returned, successful as a ship, but not 
profitable as a speculation ; repairs and voyages occupied the 
rest of iSGo and the greater part of iSGi. On Septeniber 9 jti 
the last-named year, while on a voyage from Liverpool to 
America with 4C0 passengers and a large cargo (the best freight 
she had ever had), the Great Eastern encountered so terrible a 
gale out in the Atlantic, three hundred miles from Ireland, that 
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both paddles T-vere swept away, tlie Steering apparatus shattered, 
the luggage and cabin furniture thrown into confusioQ (two cows 
washed into the ladies' catin. I), and the whole ship so disordered 
that a retiirn-voyage to Cork and Liverpool was a labour of 
much difficwlty. After being again reiitted, the Great Easlcrn 
in December acted the part of a troop-ship, cairj'ing out the 
Guards to America tn magnificent style, and in such comfort as 
soldiers had seldom before found on shipboard. 

Wliat this noble vessel was doing between the winter of iMi 
and the winter of 18G4, it is scarcely necessary to say. The 
company were plunged in financial difficulties of various kinds, 
and legal proceedings arising out of tliem. It was a change of 
fortune when a plan was formed for employing tlie Great Eastern 
to carry out the Atlantic cable in i8()5- — an enterprise which will 
come for notice in a later portion of this volume. What the 
future of the ship must be, events alone will Sihew. The superb 
qualities of the hull are undisputed ; but diere has been much 
discussion concerning her speed, immersion, economy of propul- 
sive power, and other matters. That she will never pay in 
merely making voyages to and fro across the Atlantic, with 
passengers and goods, seems now to be admitted: the unavoid- 
able working expenses being so vast. Either longer ocean 
voyages, of^^uch distances as could not be managed by smaller 
ships without coaling on the way, or exceptional modes of 
employment like that of telegntph-cable laying, must be looked 
to, if the ship is to return any profit to the owners. She has had 
four commanders during her brief but eventful career— Captain 
Harrison (who was drowned in SonLh^impton Water in January 
iS6o)j Captain Vine Hall, Captain Walker, and Captain (now 
Sir James) Anderson. 

We may add, that tlie Great Eastern, after her return from 
the Atlantic in 1S65, was subjected to the action of a curious 
apparatus for cleaning ships* bottoms — though Mr Cniikshanks's 
new patent matenEd for preserving ships' bottoms from fouling 
is now likely to render such mechanical apparatus unnecessary. 
A rotating wooden cylinder, \vith spiral scrapers and UrusW-s. «ii. 
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its surface, and cipable of being lowered from the deck, waS 
drawn up and down, and from side to side, against the outer 
suriac^ of the ship, in. such a Tvay as to scrape and brush away 
all shells, barnacles, weeds, &c. Accumulations of sucli marine 
refuse greatly retard the progress of a ship through the water, 
and require to be periodically removed. It is said that three 
hundred tons of musSelSf in some places lying eight inches in 
thiclinesSj were scraped off the bottom of the Great Eastern, 

The grandest ship io tlie world returned to England in Sep- 
tember iS66, after completing the submersion, of the grandest 
pair of telegraphic cables in the world. 



§ XIII. WAR-SHIPS : THE OLD SAILING FLEET. 

SaiFS for trade — vessels ploughing the ocean in the cause of 
peaceful commerce — rather than ships of war, are those to 
which this chapter is mainly directed ; but as each throws light 
upon the Other, lye must devote a few sections to national 
navies. 

The English navy was estabbshed by Henry VIIL Before 
his time, ships wer-e gathered together from any quarter when 
war W3s to be carried on, without provision being made for their 
maintenance aftern'ards. Henry built dockyards at Deptford, 
Woolwich, and Portsmouth ; he made laws for planting and pre- 
serving trees suitable for ship timber; he established the Trinity- 
House Corporation, for the improvement of the science and art 
of navigation ; he instituted the Commissions of the AdrairatCy 
and Navy; he made the navy a distinct and recognised branch of 
the public service; and he organised the relation between the 
several grades of oHicers and seamen. It could not but be that 
many improvements in ship-bnilding would flow out of such an 
application of system to that which had before been unsystematic 
The Harry Grace dt Dieu, or Greai Hatty, the leviathan 
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pship of those days, was of 1000 tons burden, carrying 72 pieces of 
^cannon, 350 mariners, and about as many soldiers; it was the 
first double-decked ship built 'm England. When, in the time 
of EHzabetL, an English fleet had to tncasure its strength against 
the whole power of Spain, the number of vessels amounted alto- 
gether to 170, with i5,.ooo men; but these were not all royal 
i±iips; many towns and many wealthy subjects Came loyally 
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forward to the rescue. At the beginning of the next following 
century, when t!:e Stuait djTiasty opened, the Royal Navy con- 
sisted of 42 ships and 17,000 men. Ships were first divided into 
'rates' and 'classes' by Charles I.: a system still continued, 
though in a greatly natxiified form. The Sovereign pf i}ie &as, 
built at Woolvvich by the imfortunate monarch in 1^37, was the 
finest sliip-of-war that liad up to that time been seen. It was 
232 feet long, 48 feet broad, 76 feet high from the bottom of 
the keel to tlie top lantern on die poop ; tliere were 10 lanterns 
or light-rooms, so capacious that each would hold ten persons; 
three complete decks and two half-decks; 11 anchors, one qC 
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40 cwt. ; the burden was 1637 tons, and tJie vessel was piercec 
for 122 guns. This notable ship was cut down afterwards \qr 
improve the sailing qualities. It wa,g nearly rebuilt in 16S4 by 
Charles II.3 and the name changed to the Hvyu! S(n.'ereipi. 
When the century closed, the Royal Navy comprised 154: 
vessels, 6930 guns, and 43,000 seamen. 

During the eighteenth century, the royal ships gf course grad- 
ually increased both in number and in size — to 198 in 1714, 
325 in 1760, and 377 in 17S5. When England was putting on 
her strength fbr a fierce war with France in 1803, she could 
boast of 970 ships, of which no less than 1S9 were ships-of-the- 
Une, or !ine-of-battle ships. They were not, however, such ships 
as would now be reckoned of much account; the Cate^enier, 
120 guns, the master-ship of the year 1809, was only 205 feet 
long. 

A ship, in mariner's language, is a three-masted vessel carry- 
ing square sails suspended from yards on each of the three 
naasts ; a bark, or hargue, has square sails only to the fore and 
main masts, but not to the mizzen ; a bris is a two-masted vessel 
with square sails on both raasts; a sdtomcr is also two-masted, 
but widi the sails on the mizzen fore-and-aft, or in a line with 
the keel ; a iutkr\% a single-masted vessel, with fore-and-aft sails ; 
a slocp resembles it, except in having relatively smaller sailsj a 
hri^aniim and a mew are modifications of the brig ; a iu^cr, a 
kddi, 3Lglg, Dipirwacif, a ion^-boat, ^bargt; and numerous others, 
occupy medium ranks between the ship and the mere boat. 
Concerning shipsof-war, they were in past days divided into 
six classes or ' rates/ according to their size and armament. 
Kfirsi-raie carried 100 guns or upwards, and 800 or goo men ; 
s, stco/id-ra/l, 90 tq 100 guns, and 6aa to 700 men; a ffiini-raie, 
5o to So guns, and 550 to 650 men; and so on. All these were 
ciilled ships-of-ihe-Une, intended to take up a position in line of 
battle ; while other vessels, under the names of frigaia and 
cort'ettes, were adapted for detached and more varied service. 

A first-rate line-of-battle ship of i 2 a gunSf irt the latest per- 
fected form previous to the introduction of steam, presented the 
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following: general features, Tliere were several declcs, nmning 
either Uie whole length or part of the length. The ship was 
a.sort of six-storied tenemenir, with a seventh story at one end. 
First or lowest was the hold^ a vast Space appropriated to balUst, 
st(wcs, and provisions ; it was divided by bulk-heads or par- 
titions into several sections, such as tlie "bread-room, salt-meat 
store. Spirit-room, powder-room, or toagazine, light-room, and 
compartments for shot and shell, boatswain's stores, carpenter's 
stores, water-tanks and casks, &c. Above the hold was the 
orlop desk^ on which ivere constructed the purser's roonif sur- 
geon's room, cockpit or surgeon's operating-roorn, chief boat- 
swain's and carpenter's berths, and midshipmen's mess-room ; 
besides arrangements for accommodating a vast store of cables^ 
cordage, and sails. Over tlie orlop deck was tlie lowtr deck, the 
sanctum of the sailora, where they toosdy ate and drank, sang 
and slept, with the port-hoks and big guns close to them; on a 
level with this deck, or occupying the stern end of it, was usually 
the gun-room — the common mess-room for officers beJow the rank 
of heutenant. Next above the lower deck was the middle dak, 
kept pretty well clear for the operations of the seamen-gunners 
who were to bang away with their great guns sgainst the enemy, 
but having at the stem end the ward-room, a sort of lieutenant's 
saloon or dining-cahin. Over the middle deck was the main 
ikck^ occupied by the admiral's state-cabin at one etid, and near 
the other end the cook's room and the sick-room. Above the 
noin deck, at various parts of the ship's length, were the 
captahCs cabin, the quarter-deck, '^^ ^attgway, and the fonca^tk-, 
all open overliead e.\cept the captain's cabin. Lastly, over this 
cabin, and forming the seventh of the series of elevations, was the 
poop., OH which the marines stood. Running entirely up through 
these successive ranges were the three laasts, the fort, main, 
Mid missd/t; ajnd eacli of these was built up to a great height by 
sections placed nearly aid to end, called the /aiosr, top, and 
iop-gaUant masts. EnOnnOUs yards ot horizontal beams were 
arranged for sustaining the satZs; and a bowsprit, with its Jib- 
boom, for carrying jib and fore sails. The sails were very varied 
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in size and shape, not less than fifty altogether, used in vario' 
combiaatioDs according to the strcDgtli ^nd direction of tke 
wind. The rigging was still more complex, with its lanyards, 
shrtntifs, raiitHes, stays, back-siays, Stc ; besides the ponderous 
hempen cables, sonietinies as much as 34 inches in circamferencef 
and intended each to govern and retain anchors of 90 cwt. Such 
a ship carried a hundred and foorteen 32-pouiiders, four 80- 
pOUndCrs, and two 68-pOunder carronades. 

The living freight of such a ship was classified with the most 
careful minuteness. The aristocracy of the community included 
the captain, commander, lieutenants, master, chaplain, surgeon, and 
purser; then came the second master, assistant-surgeons, gunner, 
boatswain, cajpenteT, and mate. The midshipmen, Or 'middles,' 
or ' young gendemen,' were to become officers by and by. Then- 
masters' assistants, sthqolmaster, clerk, master-at-arras, ship's cor- 
porals, coxswama, quartermasters, gunner's and boatswain's and 
carpenter's mates, cook, sail-maker, rope-maker, caulker, and 
armourer, tnade about five-and-twenty persons. Next cante 
the 'crews' or working-hands under the orders of the gunner, 
carpenter, sail-maker, cooper, armouier, Ulc, with the various 
stewards, cooks, and boys. Lastly, 160 marines or soldiers 
— captain, lieutenants, sergeants, corporals, drummers, and pri- 
>utes — added to the 690 blue-jackets, made up the complement 
of S50 men that lived and worked, fought and slept, played and 
prayed on board a first-rate. 

Captain Basil Hall's description of ' Sunday on board a man- 
of-war,' gives an admirable notion of the discipline and the scru- 
pulous attention to cleanliness observable in ouf sailing war-ships 
just before the days of steam. ' Few landsmen can form any 
idea of the fastidious cleanliness ia which every part of a ship is 
kept. No floor of a palace is so white, no parlour of a lady is 
so neat, as the decks of a man-of-war on Sunday morning. 
The plankS) which are scoured and swept every day of the week, 
receive a double portion of wasliing on Saturday, At seven 
o'clock the hammocks are 'piped up;' when each man brings 
up his bed, scrupulously folded, and packed in the neatest 
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tnanner, and places it in the nettiDgs. When these preliminary 
steps arc gone tlirough, and every rope is coiled up in its proper 
place, the sailors go to breakfast, during which the word is 
passed to '' clean for muster ; " and tlie dress is specified 
according to the time of year and climate. Thus, at different 
seasons, is heard : " Do you hear theri: ! fore and aft ! dean 
for muster at five bells; duck firocks and white trousers J" or, 
•' Blue jackets and trousers !" or, " D^ ye hear there ! clean shirt 
and a shave for muster at five bells L" At hatl-past eight the 
£rst watdi is called; bebveen decks, the stOre-moms, and, 
indeed, every hole and comer, is then swept, and put into 
the nicest order; all which is accomplished by half-past ten. 
The mate of the decks, the mate of the hold, the boatswain, 
gunner, and carpenter having previously received reports from 
their subordinates, that the different departments they superin- 
tend TLte. ready; and reports being then finally made to the first- 
Heutenant by the mates and wairaijt-otficers, lie himself gOK 
round the ship to see that all is ready for the g^and inspection.' 
This inspection consisted in a visit by the captain and first- 
lieutenant to every part of the ship, to see that all was dean, 
healthy, and orderly. Then for church, ' The qwarter-dedt is 
the place of worship, The pulpit, whicii is either one of the 
binnacles, or sometimes a stand of arms, is placed in the middle 
and covered over with a flag; and a quantity of gun-wadding is 
placed on a canister of shot to make a ha^jsock for the chaplain 
(or the captain, if there be no divine on board) to kneel on, 
Chans firom the captiin'^ cabin and ward-room are set for tht 
officers ; and the men sit on their mess-stools, or on the gun- 
carriages, or on capstan-bars resting on tubs, but all in due order 
and subordination, and with the Utmost decorum. The awnings 
are spread overhead to keep oif the sun if the weather be fine ; 
but ia rainy or squally weatlier the church is prepared on the 
main deck, aft under the quarter-deck. A pendant is hoisted to 
indicate that prayers are going on; and this signal is respected 
by every other ship during the continuance or service. The 
dinner-hour is always at noon ; but on Sunday the people are 
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left undisturbed ti]E four o'clock, to read or recreate themselves 

in any way they please; but that which especiaUy characterises 
Simday afternoon on board, is the cessation of all the noi&e and 
stir caused by the various occupations of the artificers and crew. 
The men either g3.ther in groups on the deck, talking and telling 
stories, or fall asleep; or walk up and down the lee-gangways 
and forecastle. This inactivity, contrasted with the usual 
animated bustle on boardj is a. distinguishing mark of die day of 
rest.' A few duties devolved upon the men after four o'clock; 
but they were usually rendered as light as possible. 



§ XIV. WAR-SHIPS r THE PADDLE AND SCREW 
FLEET. 

So many things have changed in the world of the royal navy 
since tlie days when Basil Hall >vrote, that the old routine lias 
undergone surprising modifications. Iron ship-building has 
effected some of this, but steaiu has effected much more. 

In 1S15, the Admiralty ordered a steam-engine to be put 
into the war-sloop Congo^ but the order was countermanded ; 
and the first steamer gictually possessed by the government was 
l\\e: Mimk^'i ]>urcha3ed in iSsr. Then the Comrf was built at 
Deptford, and then several other paddle-steamers, mostly of 
small size. Sir William Symonds, surveyor of the navy, took 
up the steara-ship department in 1832; but the war-steamers 
of those days satisfied neitlier naval men nor engineers. In 
183,7, Captain Ericsson proposed the screw-propeller to the 
Admiralty, as being less exposed to hostile shot from enemy's 
guns than the large projecting paddle-box and paddles j not being 
listened to, he went to America, where he commenced a screw- 
navy for the United States. In 1S40, Mr Smith drew public 
attention to the screw-propeller by the excellent performance of 
his Archimedef ; it was not, however, till 1S45 that a {■ovem- 
raent screw-ship, the Rattier, was fairly compared with a paddle- 



^M 



War-ships: ths Paddls and Screw Fleet. iSg 

ship, the Akdo, and came off with the palm of superiority. 
Screws and paddles were now alike built for a few years; but 
the screw gradually superseded the paddle, especially for large 
war-shipa. Sir William Symonds fought against the screw till 
1S47, when he was forced to yield to the judgment of others. 
Shortly before this, the Admiralty had begun to buy (not to 
build) iron ships-of-war ; and then they proceeded to build for 
them&elves, but ^vithout subjecting the ships (paddle-steamers) to 
the test of actual service. At length it became evident, after 
iDSJiy experiments, that iron, though on the whole better 
than wood for roTiiniercial ships, is not so good for war-siiips ; 
and thereupon the building of iron paddle-steamers was stopped 
in 1850. 

It 13 curious, Isnowing what the British fleet is composed 
of in 1S66, to look back to the constitution of the fleets which 
took part in the grand naval re\iews at Spithead in past years. 
When Sir Hyde Parker's experimental squadron assembled there 
ia 1845, it consisted of sailing-vessels only, with the exception of 
a few small pad die-steamers ; there were eight of the old linc-of- 
battlesaihng-ships— viz., St Fcncrni (12a), Trafalgar {120), Quicn 
{jio}, Rodney (tja), Albion (90), Vanguard l^a), Cawpus (84), 
and Sfifgrb (80). In the year 1852, the political horizon looking 
cloudy, the government hastened forward some screw-steamers 
which were in hand, and ordered more to bo built at Once, A 
naval revieiv at Spithead in 1S53, shewed how extensive the 
changes had been. The largest ship in the Davy had been 
launched at Pembroke in rSgs; it was a screw-steamer, called 
first the iVindsar Castle — the name being aftem^ards changed to 
ihc Z)ijl:ir of H 'tr//if/gfon. She mounted 131 guns, and was, in iSjj, 
regarded as the finest war-ship in the world. A second, like her, 
but to be called the Marlborough, was building at Portsmouth. 
Another ship, the A^ameinvon, gi guns, Spread more canvas 
than any other ship in the service, near upon ir,ooo yards. 
There were assembled altogether at Spithead 10 screw-steamers, 
from ijT doivn to 14 guns; 4 paddle-stearaers of 22 down 
to 3 guns, and 4 sailing-ships from 90 guns (the Prime Recent 
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arid the Lpndon) down to 12. When Sir Charles Najiier sailed 
fof the Bailie, early in the Russian War of 1854, lie liad with 
him S screw Hne-of-battle ships, 4 screws of smaller rank, and 
4 paddle-steniuers, but not one sailing-ship. Later in the year, 
when Sir Charles's ships had all assembled in the Baltic, they 
were 29 in number— all steamers. In the Baltic fleet of 1855 
there were 50 steamers, besides gun-boats, mortar-boats, and craft 
of minor chaiacter ; seven were screw-steamers of more than 90 
guns, 13 between 60 and So, 10 between 20 and 50, and the 
rest under 20 guns. All the larger ships were screws ; some 
had been expressly built as stcaiuers ; while otliers had been 
wooden sailing-ships, finished or partly finished, but altered 
to adapt them to the new order of things. The Royal Albert, 
a second 131-gun screw, was laianched in 1S54 j and the 
Marlborough, the third, in 1855. This last-named ship of the 
first rank, as known in the days of tiic Russian War, was 246 
feet length of keel, 283 fgct length over all, 61 feet breadth, 26 
feet depth <:ii hold, highe?;t point of hull above load-water level 
40 feet, extreme height of truck of maintnast above load-water 
level 3T3 feet, burdeu 4000 tons, load draught of water 26 feet, 
■weight of mainmast 33 tons, length of main-yard iii feet, weight 
of anchors 23 tons, weight of rigging 93 Lous, weight of guns 
and ammumtion 600 tons, power of steam-engines Soo horse- 
power. YUl these great sezrew-steamers carried sail, aad some 
of them spread an immense area of canvas. 

In 1S51S and 1857 more steamers were constructed, of various 
sizes, shapes, and power. Towards the close of 1858, the British 
navy consisted of 201 sailing-vessels, few of them ever likely to 
be commissioned again ; 75 ijaddle-stearoers, available for vari- 
ous miscellaneous services in war and peace; 51 line-of-hattle 
screw-steamers; 28 scre^v-frigates ; 21 screw-corvettes; 9 screw 
block-ships; 27 screw-sloops; and zkS mortar frigates, floating- 
batteries, gun-vessels, and gtm-boats. Not only did the screws 
fer outnumber the paddles, but they comprised the ships which 
are wont to take tlie front of battle in actual naval warfare. 
Some of the 50-gun screw-frigates were of one-fourth greater 
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tonnage than the largest Ime-of-battle ships of Nelson's da3fs;' 
and the guns themselves were such as had never bt^fore been u$ed 
in broadsides. 



^ XV. WAR-SHIPS : THE IRON-CLAD FLEET. 

No sooner do we escape from the year 1858 than we find a 
sudden check to the building of these magnificent screw-ships of 
So to 131 guns. Some of those actually in hand were to be 
finished; but the laying do-wn of new ones was stopped by 
nothing less than a naval revolution. The reign of uvn-dadx or 
arff/c«/'-//ej'!:'// ships began about 1859 or 1860. Iron-clads are 
not new ; but the idea is new of combining a ponderous armour- 
plating' with swiftness of steaming. Long before any one had 
thought of building ships of iionj battering vessels had been 
coated witli diick plates of iron ; something of this kind was 
kno^vn to the ancients ; and something more definite was pro- 
posed by Mersenne two centuries and a half ago. Montgeiy 
wrote on the subject about i8ao, and Paixhans at a later date. 
In 1842, Mr Balmano, of New York, addressed a letter to die 
Earl of Aberdeen, alleging that plates of iron |ths of an inch 
thick, riveted one upon anodier to an aggregate thickness of 6 
inches, would te shot-pToof. For some reason 01 other, the 
English government did not deem the matter worth prosecuting. 
Again, about the year 1S4S, Mr Stevens, an eminent iron-ship 
builder of New York, coniiiiunicated to Mr Scott Russell some- 
plans of his about iron-clad war steamers. Many Other persons 
had plans and projects on the subject. At length, when the 
Russian War broke out in 1S54, the Emperor of the French 
astonished Europe by sending to the Black Sea steam floating- 
batteries plated over the whole exterior with thick slabs of iron. 
England, at once foUomng the example, built eight ponderous 
batteries, dad with 4i-iDch iron armour; vessels that were found 
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to be veiy slow, very unmanageable, and weak in the timbers 
that supported the armour. After the launching of these 
batteries in 1S56, Uie Admiralty were inundated in 1857 and 
the two following years by all sorts of suggcstiotis concerning 
iron-clad war-ships. Mr Reed estimated that the ships of the 
Royal Navy, as they stood in 1858, had cost the country not 
less than ^28,000,000; and the Admiralty, afraid to believe 
that such costly property was destined to be superseUedj and 
bewildered by the multiplicity of counsellors, did nothing. Yet 
it was known, fpOLn experience gained during tlie Ru&sian War, 
that horizontal shell-firing liad overturned all the old theoriefa 
about the strength of ships; that gun-and-shot making had 
advanced more rapidly than Ehip-building \ and that wooden 
s3i:ps for war service would no longer be safe unless protected 
by an iron armour. 

The first circumstance which d:ew the attention of England 
forcibly to the subject wa.? die construction of the French ship 
La G/aire. This was a tiniber-built war-ship, originally intended 
for a 90-gun three-decker ; but it was altered to an ' exaggerated 
corvette,' witli one line oi gims, twenty on each side. She was 
about 250 feet long by 55 beam, and when iron-clad with armoui- 
plates 4-|- inches thick, was reckoned as a ^ooo-ton ship. It 
was in tlie autmnn of iSGo that tliis plated ship attracted the 
atteation of European ship-builders and maritime governments. 

One of the questions that directly presented themselves was, 
whetho" an English iron-clad fleet should consist of wooden 
\'essels plated over, or of ships regularly built up of iron. It 
was decided to adopt both. One by one several large timber- 
built men-of-war were stopped in their progress towards com- 
pletion, and handed Over to the iron-workers. They were cut 
down to a much lower height above water ; they were cut in two 
amidships, and lengthened by the insertion of additional framing. 
The Cah-donia, Ocean, Prince Gmsort, Royal Oak, Royal Alfred^ 
Royal Scn'creipi, Favourite, Enterprise, Zmlom, and Rismrch, all 
were treated in this way; they had mostly been laid down as 
90-gua or loa-gun ships of the line; tliey were all about 27J 
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feet long by 58 beam when altered ; they all received 
generaCy 4^ inches thitk, backed by about 30 inches of solid 
timber; and they all ranked as about 4000 tons. Some of them 
have rams ni ihe stem; that is, swan-breast projections of solid 
iron, which wouM cnish an enemy's vessel jf brought against it 
with any force. The £ffT;i Clyde has a ram projecting iS feet, 4 
feet of solid iron backed by 14 of massive timber. Somie of the 
ships are plated from end to end ; whereas others, witlj a view to 
greater buoyancy in the water, are plated only amidships, where 
an enemy's broadside would hav-e the most serious effects.. This 
has been, from first to last, ofie of the vexed questions reliti-ng 
to the iron-clads ; and it is not even now finally decided whether 
it is better to protect the ends at the eji^jeose of buoyancy aod 
quickness, or to regard the two latter as more important qualities. 
The Roya! Oak, like some others of this group, instead of the 90 
guns originally intended, carries four S-inch, and sixteen 7-indi 
rifled guns ; the plates run from end to end, from the bulwarks 
doTvn to 5 feet below the watei-line ; there is an armour- 
plated pilot-house abaft the mainmast; the screw weighs 11 tons, 
and has a diameter of 19 feet, and a pitch of 27 ; the furnaces 
will bum 100 tons of coal per day wlien in full steaming. The 
Ocean is one of those which were originally intended for loo^n 
ships ; she is nearly as sharp at the stem as at the bow, to test a 
theory as to this kuid of build ; tiie iron plates with which she is 
clad weigh more than 900 tons. The masts and bowsprits of 
these ships are mostly of iron. All has been done at the govern- 
ment establishments ; the Jfoyal Oak, launched in the autumn of 
1862, was the iirst finished of its classj and the first iron-dad 
managed wholly by the goveroment. 

We have mentioned the names of certain iron-clad timber 
ships, some of which have been expressly built as such, while 
others were originally intended as two or three deckers of the 
old build, and then converted into monster frigates or corvettes. 
But these by no means exhaust the list of such vessels. The 
Jtoyal Sovereign has been a subject of more discussion in parlia- 
ment than almost any other ship. Captain Cowper Coles, a few 
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years ago, invented a kind of turret, cupola, qr shield, to contain 
oae or two monster guns on shipboard- After much correjpond- 
ence, the Admiralty intrusted to him the JioycU Sovereign, a 
first-rate three-decker converted into an iron-clad. He built 
rotu turrets that projected upwards of 4 feet, and were made of 
5-indi iron plate, backed by 20 inches of teak. There are 
two 9-inch guns in t!ie largest turret, and one in each of the 
others. Ev^ turret is so pivoted, that it can be made to 
revolve with its gun, and thus enable the gunners to point their 
guns in almost any direction. The port-holes in the turrets 
are only jiist large enough for the due working of the guns j and 
the turrets are quite closed at the top with thick ptatc, except by 
a man-hole as a look-out This armour-plated and tmret-gunned 
ship was bunched pn 8th March 1864; and its merits and 
demerits, in reference to sea-worthiness, roominess for officers and 
crew, steadiness in rough weather, height out of the water, rate 
of speed, readiness to answer the helm, and facility of working 
the turret-guns, have been very amply discuased. In June 
1S66, this ship bravely withstood one of the severest tests ever 
applied: oae of the turrets was fired at by a 12-ton 5-inch gun 
at a short distaaccj with heavy chaises and steel shot; the 
turret, partly owing to its immense strength, and partly to its 
cylindrical form, bore the fearful hammering with very little 
iDJuiy. 

Of the other armour-plated timber ships above named, the 
Pallas was designed to try whether an iron-clad might be made 
of moderate size, and yet high speed ; it was therefore built as 
a corvette of only 8 guns, four of which are formidable 3-inch 
guns, weighing 9 tons each. The sides of the vessel are so 
constructed, that the guns, although not in turrets, can be fired 
at almost any angle, except directly ahead or astern j and there 
is a powerful ram at the bow. The interior of the ship has been 
planned so as to give more accommodation to the crew than 
is afforded by many of the iron-clads. Being 1300 tons less 
ponderous than the Defem^ class of iron-clad frigates — which are 
found to he very slow — this PaJlas^ designed by Mr ReeA, laafe. 
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launched at Woolwich in March 1S65, is regarded as an experi- 
ment likdy to solve several problems, and to yield several kinda 
of service. Amongst tlie smallest of the 4^inch armour-plated 
vessels arc the Viper, f 7x«?, and ^taAvw/V^'A, gun-boats of about 
750 tons each; the Viptr and Waicrwitch are wholly of iron. 

For clearness of description, wc have treated the iron-clad 
timber ships in two groups, without touching on the other 
principle of construction. This will enable us all the better to 
proceed with the far more important, or at least far more costly. 
arraour-p!ated iron, ships, built expressly as iron-clads. 

One of the first things done by the Admiralty, on the incen- \ 
tive given by the French La Gloire, was to order iron-clads of a 
new and formidable class — -tlie IVurntfr^ Black Frime^ and 
Aihiiles, each to exceed 6000 tons burden, mth engines of^i 
1350 horse-power; to have very large guns; and to be clad 
with anaour-plates 4^ inches thick, backed by iS inches of tealt. 
The Warrior, the first finished of the three, was built by the 
Thames Company at Blackwall, and handed over to the govern- 
ment in 1862. It was the first irou-clad built wholly of iron. 
As it was calculated that the total weight, with engines and 
boilers, guns and stores, would reach nearly io,qqq tons, vai5t] 
strength was required in every part, and numerous modifi- 
cations were made while die ship was in progress. The guns 
are tj feet out oi the water-^3 feet more than those of Zs Gtoirr. 
There are lo boilers, containing 4400 brass tubes for heated! 
air; 40 fm-naces, that will bum 130 tons of coal a day; and a' 
screw-shaft 130 feet long by 17 inches diameter. The engines 
were the largest ever made up to that date for a man-of-war, 
with cylinders 112 inches in diameter. By means of thick ircfit-j 
plate walls, the ship is divided into thirty water-tight comparl- 
ments, an arrangement that immensely increased the safely of 
the ship in cases of coUision or grounding. The gu»s arej 
formidable— four S-incb and twenty-eight 7-inch rifled guns — 32] 
in all. The bow and stem are so subdivided by the iron parti-^ 
tions above mentioned, that they might be riddled mth shot 
without much danger to the other parts of the ship. The 
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lOur is not carried from end to end; it is confined to the 
broadiiide amidsliips. It was a great satisfaction to the builders 
and to the Admiralty that this vast fabric proved to be a fast, 
buoyant, and easy-going ship. The Prince Albert, a turret- 
ship, was finished tn 1804. The AchUks, first official!)' tried Iq 
1864, was launched at Chatham. She displaces no less thati 
9535 tona when loaded to 23 feet draugtiL The port-hales are 
i.2 feet 3bove water-level. Her average speed at the first trial 
was i^\ knots, or nearly 16 statute miles per hour — faster than 
any odier iron-clad afloat. She had, however, a clumsy, old- 
fashioned, steering apparatus, which required sixteen men to 
work the helm. Mr Gisborne's excellent electric apparatus was 
introduced on board, to send telegraphic messages between the. 
pilot and the engineers. 

Probably nothing less than actuaf warfare will settle the 
relative merits of two cekbnited triads of armour-plated ships — 
the Warrior^ Black Prime, and Achi-lks, just mentioned; or the 
Minotaur, Affi/n^oiirif and Norlhumherlaiid^ the largest ships in 
ihe world excepting only the Great Kaslcrn. The Admiralty 
decided on these enormous ships In the autumn of 1861, but it 
was not until 1864 that any of them were finished. The 
Mimtmir was undertaken by the Thames Company at Blackwall, 
the A^ruaurt by Messrs Laird at Birkenhead, and the Northum- 
(lirlmui by the Millwall Company. They were intended as an 
improvement on the Warrior class- — all to be of nearly 7000 tons, 
400 feet long, 59 feet beam, and propelled by engines of 1^50 
liorse-powet ; with a swan-breast ram protruding from the bow 
below Ihe level of the water, This stem-ram, ami the huge 
iron beam which fonns the stern-frame, were to be among the 
lai^est forgings ever made. The division into water-tight com- 
partments was to be so managed as to guard against accidents 
below the water-line, and at the same time to increase the stiff- 
ness of the whole fabric. The Admiralty, having formed a 
notion that another inch of iron would be more than an equiva- 
lent for many inches of timber, decided on g-^inch plates with 
lo-inch backing of teak, instead of the 4-J-inch iron and i8 inches 
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teak adopted in tlie JVurrior class. Wlien the sliips were som" 
what advanced, experiments were made which shook the confi- 
■dence of the Admiralty. Exposed to equal tests at Shoebmy- 
nesSf a target on the Warner plan bore up bravely, Ti-hile one 
on tht Afifwiaur plan literally crumpled up under the fire of a 
smooth-bore fiS-pounder. This kd many experienced men to 
the conviction that a very thick backing is more iroportant than 
a slight increase in the thickness of the plate — at least in the 
ratios adopted in these two ships ; but the Minotaur and her 
companions were too far advanced to allow of any material 
change of plan. Although annour-plated throughout their whole 
Icngtli, Mr Penn believes that his steam-engines will give these 
monster sliips a speed of 16 knots an. hour; l£ this should be 
realised, they will be not only the largest but the fastest iron- 
clads yet built. The Norihumberland is not quite so heavily 
plated as the Mbwiaur and Aginconrf; at die bow and stem 
there is only a belt of plate, a little above and a little below the 
water-level, instead of the same height as at midships — a. change 
which Mr Reed is said to liave imitated from the French 
iron-clads Magenta and Sofferinif ; llie belt is 10 feet wide for 
100 feet at the stern-end, and S feet wide for a similar length at 
the bow-end, there being in each instance about an equal 
quantity above and below water. Tlie 200 feet of midship has 
22I feet wiilth {or rather height) of plating, 16 feet above and 
6^ feet below water. The bulkheads or partitions to separate 
the midship from the two ends are no less than 4^ inches 
thick of solid iron, extending from the floor of the main-decrk up 
to the spar-deck. There is a semicircular shield of 4^:ncli iron 
nmning completely across the bows at the forecastle; and there 
are to be two guns of the heaviest calibre in this shield, to be 
used as * bow-chasers ' pursuing directly in the wake of an enemy, 
The port-holes of the broadside guns will be 10 feet above tlie 
water-level, when the sliip is fully loaded. There will be 4 
twelve-ton g-inch guns, EUld 22 nine-ton 8-inch guns. On the 
deck is a tower of wood and iron, divided into two stories, the 
lower for riflemen, tlie upper fur commanding and steering- 
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Since it was begun, the Narihumlifrland has had a poop added, 
to give additional accommodation for officers, which is believed 
to be rather deficient in the Minoisur and A^acmrt. There is 
also a top-^alliiiit forecastle added, for the additional comfort 
of the crew. The officers and crew together will be 750 in 
number. There are live iron masts, four square-rigged and one 
fore-and-aft. It took 30 tons of molten iron to cast the cylinders 
of die steam-engine. The Mirietaur and the Agtncourt were 
handed up by the respective builders to the Admiraltj' in i86g. 
The NortimmberlattA^ which the public have heard most about^ 
failed in the launching in March 1S66, owing to a niisca.lculatioQ 
in the slope of the launch-ways; having all the armour-plates on, 
it was the heaviest ship ever attempted ta be launched (except 
the Gftat Masicrii), weighing 8000 tons. The launch was, how- 
ever, successfully effected in the next follomng month. 

Besides these t«vo magnificent triads of iron-buUt iron-clads — 
tlie Warrior class and the Miiaafaur class — the Admiralty possess 
nearly a dozen others, varying greatly in size and build. The 
Billeroplien has an exceptional thickness of 6-inch armour, 
backed with ro inches of teak, and is in the same predicament 
as the Muioiaur class, in having a timber backing which is now 
believed to fae too weak. The Jlcdor, Valiant, Defatce, and 
Hesislafwe form a group by themselves ; each about 4000 tons, 
irom. 600 to Soo horse-power, with 4i-inch plating, backed by 
18 inches of teak. Or^ more exactly, we may say that the 
StdQr and Va/iatit form one pair, rather over 4000 tons, 
800 horse-power, and carrying i S gims ; while the Defma 
and Resistance form another pair, rather under 4000 tons, 
600 horse-power, and i6 guns. The Resistance was the first 
finished of the four, launched in 1861 from the yard of Messrs 
Westwood and Baillie ; while the. Defence, built by Messrs 
Palmer of Jarrow, was the first iron-clad that had a ram. 
The Hector and the Valia7ii were planned to have intermediate 
qualities between those of the Warrwr class and, Ds/fruc class ; 
the Defence class ore not plated at the ends, whereas the Hedcr 
class carry armour-plate^ from stem to s-tem, and are very sharp 
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at the stem as well as at tlie head; they- have also a semicitculaf 
shield at the bows, like the Northumberland, These four sh!ps 
have had a large amount of haxd language to bear; one critic 
has gone so far as to say that ' two of them could not face the 
sea, the other two could not face the enemy.' The test of 
actual war has, of course, not been applied to them. The Prince 
Albert is a 6-gun sloop of about 2500 tons, with n turret ; and is 
thought an interesting experiment in councctian with this 
peculiar style of construction, The Scorpion and tlie IVyvern 
.ore those identical 'Confederate rams' which occasioned so 
much worry and vexation to the government during the civil 
Avar in America. They were at first known as El Menassir and 
MI Taussin; but when the English government purchased them 
to avoid further wrangle about them with the United States, the 
names were changed. They are i^Qoo-ton vessels, clad with 
armour-plates varying from 4-3- to 3 inches thickness in various 
parts, backed with nine inches of teak. They have double sides 
and double bottom. There are two turrets, of 5-Jr-inch armour 
and 22 inches teak; each turret is to contain two 13-ton guns of 
large calibre, that will send forth shot 0^300 lbs. weight. 

Let us now collect into one view several particulars concern- 
ing these thirty Iron-clads; taking the timber-built ships first, 
and then the iron-built, and arranging each group in the order 
of tonnage. The figures in the table are taken from the /rtf«- 
dad Fkd of England, published by James Reynolds, 174 Strand 
(Nov. 10, 1S65). One in the list, the Waisrwitck, we shall 
presently notice as a natttilus or turbim steamer. 
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Coledaniii,. 

Rojid Alfred 

LorJ Clyde 

Lord Warden... 

Rtiyal Oak 

Ocean 

.Prince Consort.. 
Rojnd Sovereign 
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P'LOATINa DATTEBTEa NOW 
EFFECTIVE. 



ivsod— 

Thunder.,,.,,., 

Iron — ' 

Erebus 

Teirrvr. .,,,. 

TliiiiKlerboIt 

IKOK SHfPS HOW BUlLTirNG. 

Hercules 

Monarch 

Caiptain 

Penelope ,.., 



1469 

1954 
1971 

1973 



5226 
5100 

2997 



soo 
200 



1200 

IIOCj 

900 

60a 



172 
IS6 

IS7 



325 
320 

369 



44 

49 
48 



59 
57 

53 
50 
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(The greatest care has been laken to secure, as Sir as possible, thamu^ 

accuracy in the above and tlie foMo-vring figures.) 

The number of guns may ea-sily be changed^ even after the 
ship is built, by a little re-arrangement The Jf^ya/ Ssi'^rdgn, 
the Prifite Albert, the Scor^pion, iVyverji, Monarch, and Captain^ 
ate exceptionally reraarlcable for the vast size compared with 
the small number of guns, The first two are turret-ships. The 
immense thickness of timber backing ld the wood ships, gener- 
ally about 30 incheSf is the timber Imll of the ship itself. The 
timber backing, in most cases either 18 inches or 10 inches ia 
thickness, has an iron skin within the timber, which helps to 
increase the total thickness of metal. How much these formid- 
able vessels have cost the nation no one can yet say, not even 
the Admiralty. What is really known is, that the Minotaur, 
Agincomiy and NeiiJmmkriami cxnnoi cost less than ^^450,000 
each ; the Warrior, Achilh's, and Black Prime j:£36o,ooo each ; 
the BcUerophoHt ,^400,000; the Hector, Defence, VaUatit, and 
Resistance, _;£'3oo,ooo each — more than three millions sterling for 
eleveir ships 5 but they will cost much more than this before 
they are in full lighting trim. 
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There are other mighty annour-phted ships building, amongst 
which may be cited the Monarch, an experimentary lurret-sbip, 
and intended to aid in. solving the important problem regarding 
tliat class of vessel j another, the Captain, also a turret, is being 
built at Birkenhead; while \}a& I'indope^ a double-screw iron-clad, 
is on the stoclss at Pembrolte. For owe of these forthcoming 
ships armour as ranch as S inches thick is intended; targets 
made of these plates have borne S-inch round shot at a distajicc 
of only 30 feet. 

Mr Scott Russeil stated, in a paper read "before a Scientific 
Institution in JS65, that a solid steel shot of 9 inches diameter, 
weighing loo lbs., and requiring a 12-toa rifted gun to propel it, 
would require a 5-Incb ajmour-plate to resist it; and that if 
ihe diameter of the shot were increasyd to ii, 13, or ig inches, 
the weight lo jSo lbs., aSa lbs., and 450 lbs., and the weight 
of the gun to 18, 24, and .^S tons, the armour to resist sucli 
shot ought to be 6, 7, and S inches thickness respectively. 
But the kind of gtiti, the shape of shot, and the distance of 
firing would all have to be taken into account, before these 
figures could be relied on. Nay, eien the mode of making 
the shot itself is now known to be fraught ^vith most laoment- 
ous consequences J seeing that Major Palliser's chilled-u-on shot 
<iron liardened into a kind of stCCl at the surface by a peculiar 
mode of cooling) have shewn such marv'ellous penetrating 
effects OD massive slabs of iron backed by enormous thick- 
nesses of timber, that the theoretical superiority of guns over 
armour, or of armour over guns, is left in as much doubt as ever. 

Many of our iroil-clads made a cruise in the Channel In 
October 1S66, to lest the speed and sea-worthiness of various 
forms of construction. One of the facts ascertained was, that 
low-hulled turret-ships are very wet and comfortless, being liable 
to have the decks swept from stem to stem by ocean waves. 
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§ XVI. FOREIGN IRON-CLAD NAVIES. 



It behoves England dearly to know what progress foreign 
nations are making in iheir armour-plated fleets j besides the 
scientific interest of the subject itself. 

France. — Our Gallic neighbours build their owa iroQ-clads. 
In 1865 FraJice was credited with no less than 36 bnilt and g 
building. Ouc Admiralty assert thai the British armour-plated 
fleet will be far more powerful and effective than that of France, 
ship for ship; but the French, on their side, claim certain 
advantages \n construction which have not been so mudi studied 
in England. Experience alone can test these problems. Some 
navai critics have even ventured upon prediction, and assert that 
Fiance in 1867 will have a superiority over England^ in possess- 
ing 39 iron-clads with 720 protected gims (1. c, witli the port- 
holes pierced in the armour), against England's 33 iron-dads 
witli only 520 protected guns. Doctors will differ; and here 
one set of doctors say nothing concerning the relative sizes 
either of the sihips or the guns. 

Rrtssia. — The Czar has a few iron-clads, and others building. 
One of them, tlie Pcrvcnds, built by the Tliimes Company in 
1SG5, is a 30-gun rara, with a rhinoceros-shaped snotzt; the 
sides slope in greatly at the top, and are armed from stem to 
stem with 4^inch iron and g-icch backing; 2812 tons register 
;tnd 300 horse-power; the guns comprise 38 6S-poiinders and 
2 very large rifle pivot-guns. Other armour-plated ships of 
larger size are being built for Russia. 

Prmsiu. — The iron-dad fleet of the rapidly-rising kingdom of 
Prussia is hardly yet in existence ; though there aj-e veiy 
ambitious plans in reference to it, especially since the wonderful 
results of the war with Austria, Saxony, Hanover, See, in June 
and July 1866. 
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Denmark, — This smalL Scandinavian kingdom, just before lier 
ScUesuig-Holstein troubles began, ordered two iron-clads to hn 
built for her on the Clyde. One^ the Jio^fo Kra^e, is a gun- 
boat of 1 300 tons; 45-iiich ami our ; two turrets, each contain- 
ing two 68-pounder5, This was the first European iron-clad 
actually engaged in war; it was hit a hundred, and fifty times 
by shot from PrussLan batteries in 18O4, without much injury. 
Another, a 40-gun frigate of 3500 tons, was finished at Glasgow 
in 1864 ; it was the first iron-clad launched with the armour on. 
The ram is at the water-level, there being a difference of opinion 
among ship-builders whether it should be at or below that leve!. 
Denmark has other iron-clads in progress. 

AuttrtB-. — The disjointed Austrian Empire, though sadly 
injured by the recent war, is ahead of Prussia in the matter of 
iron-cbds; she has seven or eight; one of them, the KaUcr 
Mfix, is a wooden vessel plated with 5-inch armour, and carry- 
ing 3 \ guns of moderate calibre. 

Turkey. — The Sultan, like the C^M and the Kaiser, is alive to 
the potency of armour-plated ships. He ordered four iron-clads 
at one time^three to be built by Napier of Glasgow, and one by 
the Thames Corapany. They are of 4100 tons, 900 horae- 
power, 300 feet long, 56 broad; armed with ten iio-pounder 
Armstrongs, snd a gigantic joo-poundtr at the bows. One of 
them, the Mahmoftd, suffered greatly in her voyage out from 
Glasgow to Constantinople in 1S65 ; another, \\\z Abdul Asis. 
was launched at Glasgow in January 1S66. There is something 
still more vast, an iron-clad of 7000 tons, in progress. 

Ilafy. — The young kingdom of Italy counts upon having 
twelve or fourteen iron-clads in her navy. One of them, the 
Affomiaiore^ was launched at the Thames Company's works in 
1865, and wenl to the bottoni shortly after tlie battle of 
Lissa : it is a cupola or turret frigate of 3300 tons and 700 
horse-power ; armour-plates vatjitig from 4 to 5 inches j tivo 
turrets, of si-inch iron, eacll containing a lo-ton gUn; and a 
rifle-tower or steering-house of equal strength ; the iron masts 
are peculiar in being made to serve as ventilators to Uie hull of 
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the ship. The discomfiture of Italian iron-clads by Austrian 
ships in the Adriatic, in July iS66, raised questions which naval 
men will long continue to discuss; and it is evident that the 
real fighting capabilities qf armqur-plated ships will not be 
iletermined until after a long series of sanguiaary wajs. 

Spain. — Tliis countiyj which for many yeais has played but n 
small part in European politics, is causing iron-clads to be buitt 
in England. OnCj the Victoria,, was launched by the Thames 
Company in 1865 ; it is a 30-gun frigate of 4860 tons and jooo 
hofse-power. The first iron-clad ever seen in the Pacific 
belonged to Spain; it was the Numancla; a ram of looo honie- 
power, carrying a broadside of 68-pounders; it was sent out to 
take part in the demonstration against Peru in 1S65 ; hut it 
earned the djaracter of being a very bad sea-boat, with the port- 
holes only a little way above the level of the water. 

l/niicd States. — The republic has passed through so tremendous 
an ordeal, and is undergoing reconst ruction in so many ways, 
that it is not safe to make definite statements as to her navy. 
The greatest interest liitherto bestowed upon iron-clads in actusd 
service was in the case of the American Merrimac and Iiffftuior. 
The Merrimac "^sA been a 40^iin steam-frigate of the ordinary 
kind, belonging to the United States navy ; but when she feU 
into the hands of the Confederate.^ they altered her to an iron- 
clad. The hull was cut down to within three feet of the water; 
it was plated with iron rails at midships, and witli steel at the bow 
and stem j there were t o guns of 1 1 -inch bore, a sharp ram, and 
a bomb-proof house on the gun-deck ; there were no mBists, ajid 
scarcely any surface for an enemy to fire at. The Monitor, built 
hy the Federals on a new plan, was a turret-battery, by Ericsson, 
Hardly anything was visible but a tunet 22 feet diameter by ^ 
feet high, to cany two enormous guns. There were two ports 
on one side of the turret, through which the two guns were 
thrust out parallel; the turret revolved; and the gunners took 
aim by revolving the turret and the guns together, there being 
easily-worked mechanism for this purpose. The deck is so near 
the level of the water, that all the rooms for officers, crew, and 
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stores are necessarily below water, rendering light and ventila- 
tion difficiilt things to manage. In actual service, the Merrimac 
destroyed almost every ship she attacked; but in turn she was 
beaten by tlie Monitor. A knotty problem certainly remains to 
he solved. A Monitor may hit a Warrior in many places by 
successive discharges from two great guns ; but a Warrior has 
got nothing to aim at in a Monitor except ii sort of Marlello 
tower of five or six inch iron, whose rounded surface would be 
likely to divert a shot. The solution of these problems will be 
a dreadful one, whenever it occurs. The Federals attacked 
Charleston witli a regular fleet of iron-clad monitors in April 
1S63 ; some of them had only one gun each, but a gun of most 
formidable size — r5-inch calibre. These monitors are so mUidi 
cheaper and so much more quickly built than the vast armour- 
plated ships of England, that there may be fifty or sixty of them 
built without very heavQy straining the resources of the United 
States. One of them, the MiajfiQfmmah, which attracted a good 
deal of attention at Soutliampton in the summer of 1866, is 268 
feet long,. 59 feet broad, 1600 tons burden, with a deck only 3-J 
feet above the water j two turrets 8 feet high, 33 feet in diameter, 
;uid Ti inches thick. Each turret carries two smooth-bore 
Dalilgren guns, hurling either 480-pounder spherical shot or 
36i>pounder shells of 15-inch diameter. Whedier any armour- 
plate in the world could resist these tremendous projectiles, the 
future must tell. 



§ XVII. NOVELTIES AND ODDITIES 
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Mighty as is our steam navy, especially in relation to the 
vast armour-plated vessels, and Still more mighty as it is Ukely 
to be in fiitiire years, there is nevertheless far greater importance 
to be attached to oui mercantile marine. Taking all the ports 



ao8 



Steamers, 



m the British Islands, ami Uie mercliant ships of all nations with 
which we tnidcj the commercial history of the year 18C5 
informed us that no less than 44,000 ships laden with cargoes 
entered our ports from foreign countries; that 48,000 ships 
laden wiUi cargoes left our ports for foreign countries (there 
being more vessels enter than leave our ports empty or in 
ballast) ; and that 148,000 ships carried cargoes £rom one 
British port to another-^340,000 cargoes in all ! 

This commercial aspect of shipping matters, however, extends 
be-yond the scope of the present volume- We may more suitably 
conclude the chapter with a brief notice of ii fe^v specimens of 
the ship-builders' art, which are either important for their advan- 
tages, or novel and out-of-the-way in some of their featuj-es. 

Stiel Ships.~-T\\\?, designation tends to convey to the mind an 
idea, of vessels enoimously expensive, such as services of a VWy 
exceptional character could alone justify. And such would 
really be the case if steel were made by the methods alone used 
a few years ago. But there are now new processes. By tlie 
inventions of Bessemer, Clay, and others, steel can be made at a 
much lower cost than formerly. It is true that for very choice 
purposes, steel of the old kind is still neces.sary ; but for inter- 
mediate kinds the new processes are admirably suited. On« 
advantage is, that steel of any degree caji be produced between 
iron and steel ; that is, iron can be steeled or steeli&ed little or 
much, according to the purposes for which it is to be employed. 
' Steel iron,' and ' half-steel,' and ' semi-steel ' are now admitted 
designations. It hence follows that, though a steel ship may 
be b^dlt, the metal need not be such complete steel as good 
cutlery, or files, or saws are made of. A ship with steel plates 
instead of iron plates, and steel ribs instead of iron ribs» can be 
of equal strength with less thickness of metal, and therefore can 
be more buoyant and swift in the water, irrespective of being 
more durable. It may therefore be worth a ship-owner's while 
to spend more for the metal in the first instance, as a means of 
obtaining a vessel better in speed and durability. Every year, 
such ships are now being more and more adopted j and the dau 
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aFC gradually being obtained for estimating exactly the compara- 
tive m-erits of the two kinds of construction. The mode of 
building up and fastentag is nearly the same for steel ships as 
for iron. 

The Cigar Ship is so ttamed from its extraordinaiy shape, 
which would exactly resemble a cigar if the latter were pointed 
at i^oth ends. Messrs Winans, the inventors and proprietors, 
have already built three on this model— one at Baltimore, 230 
feet long ; one at St Petersburg, of smaller size ; and one at 
Havre, the smallest of the three- A larger specimen than any 
of these, the steam-yacht Winans, was launched at Hepworth'y 
yard, Millwall, in February 186G. IL is 256 feet long by only 
16 wide, the cross section being almost exacdy a circle. At 18 
feet from each end is a screw-propeller of six blades. The 
portion of eighteen feet beyond the propeller revolves with it, 
and therefore forms a kind of nut for the screw. There are two 
rudders, one near each end ; so that the vessel can travel either 
end foremost. The declt is 130 feet long by roj- broad, built 
upon the upper cun.-ature of die cigar-ahaped mass; and above 
the deck project two short fiannels. The casing below water is 
made of ■§ Lovraioor iron ; above water, of -^ steel. The framing,' 
within this casing consists of iron circular girders, in conjunction 
with 20 water-tight partitions. The screw-shaft, made of steel, 
varies from 7 to r5 inches in thickness, in different parts of its 
lengtli. There are three enginesj which are said to be capable 
of working up to 2000 horse-power. The four boilers are con- 
structed like locomotive boilers. The saloon is literally a tunnel, 
25 feet long; and the smaller sitting-rooms and sleeping-berths 
are packed into curious nooks and curved recesses. The sleep- 
ing accommodation is for thirty persons in all— officers, visitors, 
and crew. There is a smoking-cabin, another tunnel 12 feet 
long. The two anchors are simply solid cylinde^^ a ton-weight 
each, expected to steady the ship by their weight, without 
actually biting into the ground; there are very curious recesses 
in the bottom of the ship, into which these cylinders fit like 
stoppers when not in use. The designers appear to have 
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peculiar views as to the advantages of such an utterly now! 
mode of cOQstniction - but nothing less than repeated voyages, 
under many variations of sea. and wind, will apply a pcactical 
test. 

Joiniid Simmers. — A steamer has been constructed called the 
Cifnnecfer, bearing a little analogy to a railway goods train. la 
such a train one or more of the hindermost trucks can be 
unhooked an.d detached at any station, and the rest go on 
without unpacking the cargo. A similar object is "borne lq view 
in the Connector. It consists of several iron vessels or barges, 
linked end to ecd, the last section containing the engine and 
paddles. When employed in the coasting trade, the hindetmoit 
vessel can be detached and left at any port for nnloading, while 
the rest go on without delay \ on the return-voyage it can be 
picked up again and hooked on. The theory is certainly an 
ingenious one, in regard to saving of time. The chief point 
which has to be determined is, whether' the separate vessels, the 
joints of the tail, would be torn asunder in a heavy sea. There 
is a principle somewhat analogous to this adopted in the steam 
flotilla now employed on the Indus from Moulton. to Kmrmchee. 

Floating Bridges, — These are steamers which ply as feiry-boats 
across harbours and estuaries. There are two chains extending 
from shore to shore, but hanging down so as to be out of the 
way of passing ships. Certain revolving wheels in the steamer 
catch in. the links of these chains ; and as the vessel cannot pull 
the chains along, the chains pull the vessel along. This course 
is adopted as a means of compelling the steamer to keep a 
straight line to and fro, without being affected by winds, tides, 
or currents. The steamer is generally broad and fiat enough to 
accommodate coaches and carts, with their horses and burdens 
undisturbed ; and by means of hinged platforms lowered at the 
two ends, the horses and vehicles can embark and disembark 
with facility. Some of them receive railway trains, on rails 
bronght up exactly on a line with those of land railways at the 
two ends. Such floating bridges are now used across estuaries 
in various parts of England. 
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The Turbine or Nautilui.—ix^ this new invention, by Mr 
RuLhven, paddle and screw are alike dispensed with. Numeroiis 
small Jioles. in tbe bottomj near tbe centre of the ship, allow 
water to flow into a water-tight compartment, A turbine^ or 
water-wheel of peculiar constructLon, made to rotate by a steam- 
engine, and immersed in this admitted water, drivesi it out at 
two nozzles parallel to the keel, in the direction of the stem. 
The reaction thus produced propels the vessel in the apposite 
direction. By using two nozzles, or only one, tlie inventor 
hopes to turn the ship more quickly, and in a shorter length, 
than has ever yet been done; in fact, the nozzles, in emer- 
gency, might almost serve the place of the steering apparatus. 
The idea itself is very qM, but the mode of applying it is novel. 
A recently -built iron-clad gun-boat, the Watsrwiich, is likely to 
fumisli a valuable test to the merits of the invention. Some of 
the practical officials at Portsmouth having strongly recom- 
mended a government trial of the system, tlie Admiralty com- 
missioned the Thames Company to buUd a small iron-clad, tile 
machinery to be constructed by Messrs Dudgeon. This vessel, 
the Watcrwiicb, is of 77S tons; iGs feet long, fls feet wide, and 
14 deep ; dad with 4^inch aitaour plates, backed by 10 inches 
of teak. There is a rudder at each end, to enable it to steer 
either ahead or astero. The bottom, neat the centre, is pierced 
witli a great number of small holes, which admit the entrance of 
water into a kind of shallow iron box. The water thus admitted 
can only find exit by certain channels into a beautifully-made 
metallic cyUnder or case 10 feet in diameter. In this cylinder, on 
a vertical axis, rcvolve.5 the turbine or water-wheel, which weighs 
S tons, and is divided by partitions into as many compartments. 
When this turbine is made to rotate rapidly, by the action of a 
steam-engine of 160 horse-power, it draws in water from the 
tank or box beneath into the cylinder, and then drives it out of 
the cylinder sideways by virttte of irresistible centrifugal fOrCc. 
The water passes out by two propulsion-tubes of large diameter, 
which extend through the sides of the ship ; at their outer 
extremity they arc tenninated by two brass nozzles, 24 b^ ^^ 
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inches in diameter, bent backwards towards the ateni. Thfi 
yioleiit msliing out of streams of water through these nozzEeSi 
acting against the water of the sea, drives the ship forward. The 
first trial of the WalaivcicA (October 19, i865) was very favour- 
able as regards speed. Other tests of excellence were then to 
be gradually applied, 

UnshtkaUe Ships. — Mr Luiigley has invented what h& calls 
unsinkabk a-nd itKomhusHhlc ships. The spaces betri-een the decks 
are thoroughly separated from each other, each being water-tight 
even if tlte deck, over it were filled with water. There are not 
even stairs from the one to the athier, each having an iron-bound 
well staircase up to the open air, without cotmnunicating with 
any intermediate deck or space. The theory is, that if the whole 
length of tlie ship were filled with water between any two decks, 
it would still not Sint, because tlie hold or the other spai:^s 
would be water-tight aod full of air. If any part were to take 
fire, the flames might be quenched by quickly filling the whole 
of that space with water, without overweighting the vessel. In 
this sense it would be both unsinkable and incombustible. The 
engine-room is enclosed in four solid walls of iron, to isolate it 
from the rest of the fabric. A ship so large as rooo tons has 
been built on this principle ; but we are not aware that the 
unsinkability and incombu-stibility have yet been put to a test 
arising really out of the esigenciea of actual service, 

DQtihk-screiu Ships. — Tills principle has been applied by Messrs 
Ditdgeon to certain ships with great success. Two screw-propel- 
lers are placed one on each side of the keel. It is irauceived 
that by using one or both screws, or one moving faster than Il-.e 
other, a ship can be rendered more manageable than if there is 
only one screw in a line with the keel. A double-screw called 
the Fatalist was launched at Cubitt Town m 1865 for the China 
trade; it is of 1730 tons, and has two screws of 8 feet diameter 
and i6 feet pitch. Another, the Ruakiiu, has been placed on 
the Panama and New Zealand route ; it is 2C5 feet long, 34 wide, 
1500 tons, and 350 horse-power j and will accommodate 200 
passengers besides the crew. A beginning is also being made 
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in the application of the principle to war-steamers, the gun-boats 
Vip^r and Vixen, for example. The twp screws can be worked 
together or separate, and in similar or in opposite directions, 
which facihtates, in a. notable degree, the tiiming of the ship in 
a short space of time and a small amount of sea-room. 

Twin'stcamers. — We have already noticed that, in the early- 
days of steam n&vjgadon, twin-steamers were sometimes 
tried, consisting of two boats side by side, witli a paddle-wheel 
between them. The plan has been occasionally adtjpted in 
an altered fonn ; a broad, donble-stemmed, double-stemed 
ship, with a cell or hole in the middle to receive the paddle- 
wheel. In one of the smallest and earliest Hnds, the boiler 
L-i?as iti one boat and the engine in the other; but in later 
specimens, tile machinery has been distributed around the 
paddles in various ways, It is curious that, about the year 1830, 
there was something very like a difuble-cigar ship in tlie Clyde^ 
each half of a tivin-steamt-r having nearly the shape of a cigar. 

Catufa Jar Tourists: iJts Jieb .ffav-— Considerable attention 
has lately been directed to the prosecution of pleasure-voynges 
in Canoes, by tourists who are prepared to 'rough it' tinder 
circumstances of singularly little personal accommodation. In 
rude and semi -barbarous countries, the natives are wont to 
scoop out the trunk of a tree and convert it into a canoe, to be 
paddled along rivers or near coasts; and from that" as a 
model has proceeded the canoe now constructed by boat- 
builders in various countries, having a nearly water-tight deck or 
covering, Such a canoe is occasionally seen on the Thames 
and other English rivers. Mr Macgregor, in 1865, caused a 
canoe to be built on a plan determined by himself j and with 
this canoe, called the Jioi) JR^y, he made voyages amounting to 
a thousand miles altogether, in the summer and autumn of that 
year, on the rivers and lakes of Germany, Austria, Switzerland, 
and France. The canoe was so narrow and shallow that a 
single occupant had to take his seat verj' carefully to avoid 
upsetting the frail bark. The deck had an Oval hole in the 
middle, in which the navigator sat ; and a waterproof apron was 
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closed around tlie hole, after he was seated, in such a way as to' 
shield the lower part of his person from wet ; but there was no 
shelter for head or body, and no change of posture for feet or 
legs- The tourist paddled along, with his face in the direction ^^ 
in which he was going (a more pleasant arrangement than that^^H 
usually adopted in the ro(ving of a boat); and his stores, 
provisions, and spare clothing were brought down to the 
lowest possible weight and bulk, in order that the slender fabric 
might not be swamped or rendered unmanageable by too much 
burden. A lively narrative, which Mr Macgr^Or published,' 
giving an account of his thousand miles of travelhng, excited so 
much interest that a ' Canoe Club ' was booii formed ; and the 
members of the club organised various canoe-voyages for the 
1866, in the rivers and lakes of Norway, Sweden, &c. 

Oaait/ BoaJs : the Red, White, ami BlU£. — The SUCceSS 
crossing of the Atlantic by the Rtd^ \V)tiic,anti Bhie^ a mere boat 
in all its dimensions, has shewn that buoyancy can be na-in- 
tained in spite of the winds and waves of a stormy ocean. It 
was a freak, an adventtire, like the climbing of the Matterhom'' 
or the Juiigfrau; but it was not without its usefulness as an 
illustration of navigation. This tiny vessel was built by Mr Inger- 
soll, at New York, for Mr Hudson of the same city. It is in 
principle a metallic life-boat of only 2^ tons burden : length, 26 
feet ; breadth, 6 feet ; depth of hold, 2 feet 8 inches ; depth from J 
deck to keel, 5 feet. She is sharp at both ends ; the interior is ' 
divided into water-tight compartments both lengthwise and 
breadthwise; and there are s.afety-valves which will cause the boat 
to free herself of water in a few minutes. Small as it js, the boat 
is ship-ri^ed — ^bowsprit, jib-boom, fiyiiig-Jtb-boom, fore-mast, to]i- 
mast, topgallant-mast, royal-mast, main-mast, and mizzcn-raast,, 
with topmasts and topgallant-masts to carry them up to 
proper height, spanker-boom, fore lower yard, main lower yardj 
top-sail yards, topgallant yards, rojul yards, cross-jack yard, 
topKrnast stun sail-bo oms, and topgallant stunsail-booms— all duly 
proportioned in size to the miniature ship. Then the spreading 
canvas includes staysails, jibs, flying-jibs, courses, top-sails, top- 
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gallaJit-sails, royals^ spankersj stunsails, and trysails. She is 
decked over, but has a cockpit for the steersmaa around the 
rnizzen-mast. She was launched June 21, 18OG ; and then fitted 
with spars and rigging. A voyage across the Atlantic being 
resolved upon, the vojfagers took in a store of water, bread, tea, 
coffee^ butCer, herringSj milk, smoked beef, cheese, pickles, 
mustard, pepper, salt, sauce, brandy, wliisky, bitters, and other 
provisions; together mth nautical instruments, medicines, &c. 
as much as the boat could take witli safety. The voyage w-as 
made by two men and a dog. Mr Hudson was captain; Mr 
ritch wail mate or assistantj and the dog 'Panny' was a very 
■unwilling participant in the voyage. They set sail on July 9 ; 
they reached Margate on August 16 : and during the voyage of 
thtrty-eight days, they found their resolution and powers of 
endurance sorely tried. The two men kept watch and watch, 
turn and turn about. They were nearly always wet, and were 
seldom able to hght dieir kerosene stove to warm liquids or 
food. The coctpit or hole was a hard place to sit in, but there 
was nothing better, When they got beyond the region of the 
Gulf Stream, they experienced much cold weather. The 
adventurous master and mate reached England saiely; but 
the poor dog Famiy succumbed to the troubles she had 
undergone. 
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We now present half a century of jottings relating to the] 
rapid progress of steam-navigation, as illustrated by a few facts 
in each of the principal developments of the system, warlike 
cind commerciaL j 

iSrg. riret steamer ■belonging to any government, tfnited £tat« [the Fulton). 

1816. Sieam-ttatifi 'be^aa on the Thajucs, — Stcamera ciosaed the Channel lo 

Calais iuid FlusSiing. 

1817. Ste-im-tiTuffic on many continental riTen. — United States had steamen 

as large as 450 tons plying on the great rivers. 

iStS. About fjo iteamets plyinj; 011 English and Scotch rivers.^St^eam-tRiffic 
csiabltshed benv-een Scotland and Ireland. 

iSiQi. The finest steamers' yet seen in Euglaiid were placed upon tlie Holy- 
head and Dublin route. 

1820. Fifty-Mvcn steamers of qfXo tons, a^regate hnHt down tp tllis time in 
the British domtnions. — Thirty-four plying ia the United Kingdom. 

1831. The Irish and French maili transferred from saihng-packets to 
steamers. 

1822. First steamer, Miinkiy, helonging to the British government. 

1823. By this lime there ivere 340 voj-ages made in the year by &teajacrs 

between liuglish and. foreign ports, besides 1100 coasting-vqyages, 

1824. Aggregate of British steamers now reached 1^4, of 24,oc» tons — 29'] 

built this year. — The Columbus, 300 feet long, steamed from the 
St Lawrence to England ; failed through -weakness of build, 

1825. tha Eaterfiriiiv^a.As the first steam voyage from Eng-land to IndiOi 

round the Cape of Good Hgpc— American steamer Trmiim, wiih 

boilers placed on the outs-ide sponsotis. 
]Sz6, Steamer London Engineer, with one piaddJe in the middle, for canal 

traction. 
3827. Sleara-ship buililing' commenced at Calcutta. 
J82S. More than a thouiiuid steam voyages msjle to or from British pon% 

and a^s many as i2,dod coasting vo3^es. 

1829. Govemment began building six 50-giin war-sleamer?, — Dutch steamer 

250 feet long, with four masts — a. failure. 

1830. Down to tills time, the average hurdca of all ErilLsli sCeamers, both (b: 

river and sea, did not e^icccd T30 t'ons. 



I 



Annals of Steamers from 1815 to 1S66. 317 

1S3I. Cnptain Chc5iiey descended Ihe Euphrates 980 miles in a boat, to 

Hiplnre new steam-route to India. 
1S3Z. Parliament ordered an iniiuiiy into scliemea for an India, mail sleara- 

route. 
1S33. Neaj-jy ijoo sleam voyages ina<!e to and from British and foreign 

ports, and l3,ocxj coasting voyages. 
1834. About go steiiineis added to the Ibt of Dritiah shipping this year. 
1S35, Furst cjjnipany formed for Atlantic steajning. — Eslahlishment of 

mPtl-sfeiirners lo Isthmus o-f Sui^z, 
1S56. The Arckinwits yacht introduced Smith's screw-propeller lo public 

notice. — Cnplaici Chesncy navigated the Euphrates in an iron- 
steamer, 
1S37. First conveyance of India mail by the Overland route, — Ericasan's 

sctew-propeller introduced. 

1838. Rjval voyages of Grmt IVis-tcrn and Siriiis across the Atlantic, — 

Monthly Overland mail organised. — Passenger steamer of 860 tons 
on the MisiissippL 

1839. The wave-pciociple in ship'tuilding established in the /!« A'(«i'.— 

Three hundred and. fifty-six ahips-of-the-Iine in European navies 
(no steamers). 

1840. Cu-nard line of Atlantic SleamcrS Catablished.^DfuvIl to this date Ihere 

had been fJQ steamers built in the Eritish dominions. — Screw- 

pTopellers began to be adopted for mcrchant-BtcameTs. 
1S41, First mail-steamer Co Wcat Indies. — Admiralty ordered the first screw 

war-vessi;], Rnffhr, — Iron ships came much into use. 
1842. Suez and Calcutta steam-mule miderlaken for the East India Com- 

pajiy by the Peninsular and Oriental Company .^First suggestion 

(not adopted) for an iton-clad. 
1S43. Admiralty began to build iron ships. — Great Britain launched at 

Bnstol. — SoHlhamptoa <KtP-bHshed as the port of depurture for 

OrientiJ and West India mail -steamers. 
1844. First war-screw built 'in United States. — Steam -reserve formed in 

British navy, 
1S43. Wif scfew-stcamera rapidly superseding sail; 23 in the nsTy, — First 

voyage of GraU Srimin across Atlajitic. — Firet regular sLsini-iBiul 

to China, 
1S46. First mail-steamers in Pacific, — AiuHiary screws adopted in unvy.— 

Crfl Britain strajided for a whole year on the Irish coast 

1847. Thx Sarah Samls, auxUiary iron-screw, established the advantage of 

the combined sj-stem in merchidt Steaming. 

1848, An estitaate that all car^o-iaden shijss and slcamcrs entering British 
ports were worth, ship and cajgo induded, abom /"5000 each -on on 
average. — Forty-five gosemment screw war -ships built and in hand. 
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iSif^i MazinLnin size of ocmQ mail-stcam^i^ ZQOO l-ijii^ — 1044 vood and 66 

iron meT chant -steamers in. British d^ominions, — Aumliaty screw 

nttached Lo Arctic ^hips. 
xSjQ. Collins line of steamers bcgail tP ply on Atlantic, 2900 tons ea.i:fa. — 

2000 stpamcra navigating rivers and bkcs of America. 
t851' First mail -steamer to tTic Cape. — 4400 ships entered LiTcrpoOl alone. 

— Of all British and coloiiiil sCeamere, naarly half undei 50 tons. 
3852. Laaadb. oi £)uJx c/ iVel/i»j^rr, the first 131-gun screw war-steamer. — 

American liner IVdshingtoit, New York to Liverpaol in i3i days. 

— Tvcii steam-mnil from Englajid to Australia, vi& tlie Cape. 

1853. The Great EasUm litegun.' — First sctew with two figliting decks, 

Agamanjioii, 91 guns. — First steam-mail to Australia wd Su'CE. 

1854, EAltie fleet had only 16 sailing vessels, against 38 screw and 41 paddle 

Bteamers, — Firit citciitmiavigation of the globe by a steamer, 
18-55- First Passenger Act passed, to legulale ocean steamers aod sailing 

sliips- — 107 paddle Bud 78 screw steaaicra tn British na\'y. 
1836. The Persia., the lincst merchant steamer then afloat, added to t!ic 

Cmiard fleet. 
1857. Failure of attempt to latmch Grtai Eastatf, — Tlie Niagara, stam- 

coivettc of 12 ^ns, as kr^e as oM Une-of-lh-ittle fihjps. 
iSjiS. Frendi scrsw troop-ship kunched, to accommodate 2500 soldiers. — 

Great Eoittrn latmclied — ^j 00 screw-steaaiers an British navy. 
1SJ9. The na.vies of the European nations and, United States connprised 

about z6ix> sliips, of which more than half were steamers. 
iSGo. First French iroin-dad. La. Cloir(.- — Steam-frigates of 25 guns larger 

than 50-gttn- frigates of iSjg. — Gn-at Easta-a made her first voyagie. 
iSGl. British iron-clad nayy comnicnccd ; launch of the JFamer.— Paddles 

nearly a baud on-ed in navj', except for small ships, — Sfuiia Cunard 

steajHCC launched; largest mercJismt ship afloat except Grmt EajUm. 
1S62. The ^ayal Oat, firet wooden iron-clad in navy. — Coles's cupola-stipv 

introduced. — The Merrinutc and Manilar battle in Aoiflfica. 
1863. "S'xeA naval attack iipoti fortresses by lron-clads» at Charlestoii.^ — 

Launch &f the J/i>w/fl«?- iron -clad. 
1S64, Fight of iJie Ah^mma and Ksarsagt. — ^British mercantUe murine 

comprised 26, 142 sailing vessels and 2490 steamers. 
I&65- Launch aK Agincoiirt iron-claiJ, largest then rLfloaL— First icail ateam 

route oiganised across the Pacific. 
1866. Grcai Eastern successfully ctnployed in laying ajid raising telegrapliic 

cables. — Iron-clads rapidly superseding other vessels of war. — 

Ocean voyage of the A'irf, iP'Aite, and £iite heat. 



CHAPTER III. 



TELEGRAPHS, 



f I, THE OLD MODES OF TELEGRAPHING. 

HOW to bring the distant oear, to convey a man's thoughts 
or wishes, commands or fears, instantly to one who is far 
beyond speaking-distance, has been aji object of solicitude from 
very early times. It is the topmost stone of the pjTamiJ, 
whereof the base is travellitig, and the middle portion letter- 
carrying. It is the traveling of t^BU^Ai — invisible, intangible, 
inaudible. Of course, the earlier attempts at this achievement 
were clumsy enougli. Although flags, lanterns, rockets, blue- 
lights, beacon-fires, gmi-firing-, truiDpet-btowing, dmm.-beating, 
and gongJicating may be made use of as semaphores (sign- 
bearers), the name of telegraph (distant writing) has usually been 
assigned to such contrivances as may be applied to a vocabulary 
of preconcerted words. To arrange two or more blazing torches 
in varying positions ; to place them so that screens might cover 
one or tnore of them alternately j to write letters on an upright 
board, and shew any one of them at a time by some mechanical 
arrangement; to denote the letters of the aljjhabet by alternately 
raising and lowering three torches; to denote letters by the 
longer or shorter obscuration of one single torch ; to attach two 
lights to long poles, and turn tiiem about in various ways ; to 
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fhgree of cmSsaOkn — &ac Most be fixed habte aad steadj 
fcScf; jbJwc cauMtC beOer apfiRcate tbe JcfnoC^es of the 
ntem ffan by luni i a^in it wafa die pasc To dis- 
dbJBCIt ^u at Aen mnsLhc AepotabiS^ofseeuigat 
a d i tf i w r ; lad tbos tbe sudf of optics laA Ac orvoiboo cf 
ideacopa sod r d fce ttm voold ammJlr waggea new appfio- 
ttOM of t(^. TV Hanpn of Wotceiter aSades to a Cde- 
g(j|j|i n 00 ninovs Gi^mj ^ IwBongia, AAs bnn vc tnxjr 
pbce Robert Hotdce, who, in 1684, presenled a p>po to tbe 
Roral Sodctf. ' Shewing a way hov to commniaMte one's mead 
at great dioaaoes' He had coiUOTed tbe project loag before; 
bat the then recent d^e of VieiHU bf the Toda h^ caosed 
bini 'to take iq» agan vsh bifl pbn fir dMuimaa ^ as a £staoce, 
not \rf soood, bat by sij^tL' Tbe principle in rolred l^ use of 
tdeaoopes, le» ttmple and ix^enioos than ^ot wlvdi afterwards 
omc into aae> bat wordqr of nodce. He co n i riined an devated 
fcam cw oi fc, w ppoi tii ^ a paitd or acicea, bdund wtudi were 
m^kcnded a tmrober of deal boards evt into tbe dupe of lettei^ 
^Vhen a message v3a Co be sent, the letleis w ere drawn one bj 
one frq>m behind the stctcen, by means of pulleys, and rshibtted 
in an open part of the fianiework, where ihejr cooM be teen 
from a distance ; there were thus as man;^ sepanle niDranatCs 
as there were letters in the message to be conveyed. 

Amontons appears to have been the first to render a tdtstapb 
ofaiEable for practical putposes about ■ &9Q, by ' a mema which,* 
a* recorded by Fontenelle, ' he invented to make known all that 
was wished to a very great distance— for example, from Paris to 
Rome — in a very short time, three or four hours, and even 
withottt the news becocDing kno^'n in all the isten'eaing space. 
This propontion, so psradoxical and chimerical ia appeaiaoce, 
was executed o^'er a small exicrtt of ■countr)*. Tbe seoet con- 
■Istcd in placing in Ecvend oonsecudve stations persons who, by 
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means of telescopes, haviDg perceived certain signals at the 
preceding station, transmitted them to the next, and so on. in. 
succession ; and these diiferent signals were so many letters of 
our alphabet, of wliicli the key was known only at Paris and 
Rome. The greatest reach of the telescopes determined the 
distiQcc of the stations., of M'hich the number was lO be the 
fewest possible; and as the second starion made signals to the 
third as fast as they were received from the first, the news was 
carried! from Paris to Rome In almost as little time as it took to 
fonn the signals at Paris." Another projector, named Jlarcel, 
followed with no better fortune than his predecessor. Wearied 
with attendance on a dilatory government, he broke his machine 
and burned his drawings, and died without revealing his secret. 
Next, Llnguet, who had been for some years a prisoner in thu 
BastilCj claimed the merit of tlie invention, and oflered to 
construct a telegraph in exchange for his liberty. History is 
silent as to his offer being; accepted. In course of ticoe a. 
private attempt was made : Monsieur Dupuis of Belleville con- 
structed a telegraph, by tneans of which he communicated with 
his friend Fortin, who lived a few leagues off at Bayeux. Mean- 
while, attention being drawn to the subject in other quarters, 
the time for realising a speedy-transmission project was at hand. 
It came at last with its man. Claude Chappe, when a youth 
in a religious establishment at Angers, had contrived an appar-,j 
atus, a post bearing a revolving beam and circulatory arms, 
witli which he conveyed signals to three of his brothers who 
were at a school about half a league distant, and who read them 
off with a telescope. Keeping the idea in view for several years, 
he eventually laid his plans before the legislature in 179Z, 
asstiring them that ^the speed of the correspondence would be 
such, thvT-t the legislative body would be able to send their 
orders to the frontiers, and receive an answer back, during the 
continuance of a single sitting.' After much vexatious delay. 
the authorities approved the plan ; and Chappe, with the title of 
Ingiinieur TvLegraphe, was appointed to erect a telegraph from 
Paris to Lille. The line, with its apparatus (a combination of a 
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pole, a beam, movable arms, and ropes), which admitted tJie 
formation of 192 different signals, was corapleted in two years. 
Its fiist announcement was a victoiy. On the last day of 
November 1794, Carnot entered the AssembJy with the news, 
' Cond^ is given up to the Republic ! The surrender took 
place this moniiiig at six.' The Chamber voted that ' the .\rmy 
qf tlie North had deserved well of the country,' a.nd caused their 
approval to be sent to head-quarters ; and before the iegislators 
broke up, they were informed that their orders had been trans- 
mitted to Lille, and the receipt acknowledged- This successftd 
result led to the immediate formation of other lines which 
radiated from Paris to all the frontiers of the kingdom. The 
signals (depending on vjirying positions of the beam and arms) 
were conveyed with great rapidity ; and to avoid confusion, tiie 
movable arms on the right of the central post were kept ex- 
clusively for government messages, those on die left being 
employed in the service of tlie line. Thus, accidents or delays 
could be reported without detriment to the official dispatch ; 
and the government were enabled to use a cipher or secret 
alphabet of their own, From Paris to Calais, 152 miles, there 
were thirty-three stations, and a message could be sent from one 
extremity to the other in three minutes ; to Strasburg, 255 miles 
and forty-four stations, in six and a half minutes; to Totdon, 
317 miles and one hundred stations, in twenty minutes. The 
longest lines were to Brest and Bayonne — the former 325 miles, 
the latter 425; and altogether there were 519 stations, the 
annual cost of which amounted to ^^4.0,000. The last of the 
brothers Chappe was in office until 1S30, when the July revolu- 
tion deprived him of his post and its emoluments. 

The new mode of correspondence was speedily adopted by 
the other governments of Europe, and numerous forms of appar- 
atus were proposed by enterprising inventors, some of theni 
remarkable for the infinite multiplicity of their signals. Mr 
Lovell Edgeworth, father of the distinguished writer, Maria 
Edgeworth, contrived a telegraph of four wedge-shaped boards, 
mounted on the tops of poles, and so pivoted as to assume 
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any among several different positions. He thought so Kig-hly 
of his plan that he even pictured, to himself tlie establishment of 
such a system all the way from England to India, Mr Gamble 
invented an apparatus of shutters to fill the openings in a 
window-frame, ditferent signals being conveyed by the alteinate 
opening and shutting of tlie spaces. Lord George Murray, in 
i795f substituted a different arrangement of shutters; and the 
Admiralty' so far approved of this plan as to adopt it for a tele- 
graph between London and Dover. In iSo6, by the application 
of a sliding^ sh\itter, Mr Davis increased tlie power of Murray's 
telegraph fourfoid. Some experimenters went as far as a ten- 
auttcr arrangement KxpeneRce led the Admiralty, in iSi6, to 
jpt a modification of the old movable an-n system, as being 
'on the whole more advantageous than that of shutters. The 
plan eventually select-ed was that of Sir Home Pophara, in 
which two arras were pivoted to an upright post. It did not 
give a large number of signals; but the machinery for moving 
the arms was so simple and effective^ and the angular position 
HO easily seen at a distance, that Popham's telegraph remained 
in use until syperseded by the wonder-worker electricity. Other 
schemes there were in plenty, by Macdooalcl, Law, Conolly, 
Hardy, Spencer, Spratt, and other inventors; but these we need 
not stop to describe. 

With all its advantages, howevefj the Fopham telegraph was 
an imperfect contrivance, altogether useless at night, cr during 
fogs and gloomy weather. Pot three-fourths of the year, Ae 
telegraph firom London to Portsmouth stood idle. One of the 
many oddities connected with this telegraph was the following. 
On an occasion when important news was expected from Spain, 
the Admiralty officials were discouraged by the receipt of a 
message — ' Wellington defeated.'' It was afterwards ascertained 
that tlie true message was, " JVdlingiffn dsfsaied the French af — 
Salamanca, or wherever the pface may have been; but a fog 
checked the signal-observing after tiie second word. 
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S 11. ADOPTION OF FRICTIONAL ELECTRICITY. 

A WONDROUS MercuTy, a messenger with Hghtning speed, was 
now in waiting, and at the service of mankind. The days oF 
dectro-ithgraphy were at hand, by one of the most marvellous 
applications of science to useful purposes that the world has 
ever seen. 

The electric telegraph belongs to our own age, but its begin- 
nings take us back to tlie age of conjecture and the dawn of 
philosophy. Six hundred years before the birdi of Christ, Thales 
had observed that amber, or elektron, as the Greets called it, 
exhibited, when rubbed, certain properties of attraction whicli 
it did not otherwise possess. Besides giving us the word in 
which our terra detirkiiy originates, the early philosophers left 
behind them several accounts of electrical phenomena. An's- 
tode, Theopbrastus, Pliny, Csesar, 3nd Plutarch all mendon 
them. Singular flames were sometimes seen on the tops of the,! 
masts of ships in the Mediterranean, or quivering on the heads 
of tlie wondering mariners ; and on several occasions Roman 
troops, while on a march, had observed similar luminous appear- 
ances on the points of their lances. Coming down, to a later 
period, we find Eustathius^ in his commentaries on Homer, 
relating the case of Walamir, uncle of Theodoric the Goth. 
whose body gave out sparks ; and of another individual who, 
on drawing off his clothes, saw flames or scintillations leap from 
his skin with a crackling noise. From Thales to the seventeenth 
century is a long period ; yet, scanty as is the record of facts, it 
is sufficient to shew that electrical phenomena had not passed 
witliout notice. According to some theorists, iron crept about 
or grew within the body of the earth ; and its transmission along 
deeply-buried tubes, provided by nature, was the cause of mag- 
netic variation at the surface. Otto Guericke produced the first 
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electrical machine — a globe of sulphur made to rotate by means 
of a winch, while the friction of a piece of cloth held agahist it 
excited the electrical influence. 

The eighteenth century came, and opened the most famous 
page in the history of electricity. For Guericke's ball of 
sulphur, Hawksbee substituted a globe of glass ; while other 
expcrimcHtilists used straight gla^J* tub-es rubbed with the hand, 
Stephen Grey found that all substances might be classified as 
electrics and non-electrics ; and, by means of packthreads more 
than too feet in leogth, was the first to prove that the electric 
impulse could be transmitted to a considerable distance. In 
company with his friend Wehler, he discovered also the insu- 
lating properries of glass, silk, hair, and resin, besides some other 
bodies. In France, Dufay and Nollet were labouring diligently 
at the same pursuit. By wetting a cord, they obscn.-ed that 
Grey's experiment could be greatly extended. They sent a 
current through 1300 feet. To Dufay belongs the merit of 
discovering the two kinds of electricity, which he named vitreous 
and resifmus^ or, according to the present terminology* /ArZ/fV^' 
and fiegatii-e. Gemiany next added a few facts to the growing 
science. A Scottish monk at Erfurt, by adopting glass cylinders, 
gave to the electrical machine almost its present form, and mar- 
vellous effects were produced. In 1746, the three philosophers 
of Leyden produced the jar which still in name perpetuates the 
place of its discovery. 

Laying aside, however, the phenomena of shocks and sparks, 
the investigations which most claim our attention are those 
which relate to the transmission of electricity to long distances. 
With lengths of ■wire held by human hands, NoUet formed a 
chain more than 5000 feet long, and found that the passage of 
the shock throi-igh the whole number of individuals was instan- 
taneous. The same fact was .^till more satisfactorily di^mon- 
strated in England by Dr Watson. He carried a wire across 
tlie Thames at Westminster Bridge, one end being m contact 
with a charged jar, the other held by a person on the opposite 
shore j a second individual was placed in commuaicatiou with 
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. jar, and on a given signal the ttvo dipped into the river an 
iroQ rod which they held in their hands; on which the shock 
travelled from one side of the strea.ra to the other by meaQS of 
the wire, and came back through the water to complete the 
circuit This was an important discovery, inasmuch as it 
involved the principle on which depended all subsequent experi- 
ments on triinsmission to a distance. Watson repeated his 
experiments on several occasions — the last time near Shooter's 
Hill — with two miley of mre; and the now familiar fact that 
observers, however far apart, feel the shock at the same iostant, 
then excited a degree of astonishment bordering on incredulity. 
"Franklin's famious kite expeninent, which proved the identity of 
lightning and electricity, may be regarded as the climax of elec- 
trical discovery in t!\e past century. No sooner had the general 
nature of tite new and startling phenomena become known, tlian 
the idea immediately sprang up of employing tlie mysterious 
agency in the conveyance of signals. Maunoir relates that, i:i 
1773, Odier wrote to a lady of his acquaintance : ' I shall amuse 
you, perhaps, in telling you that I have in niy head certain 
experiments by which to enter into conversation mth the 
emperor uf Mogul or of China, the English, the French, or any 
other people of Europe, in a way that, without inconveniencing 
yourself, you may intercommunicate all that you wish, at a. 
distance of four or five thousand leagues, in less than half an 
hour ! Will tliat suffice you for glory?' 

Other minds were also occupied with the subject In 1774, 
Lesage, a Frenchmaii at Geneva, published a plan for an electric 
telegraph. He proposed to arrange twenty-four metal wires in 
some insulating substance, each connectci.1 with an electrometer, 
from which a pith ball was suspended. On exciting the wires 
by means of an electrifying machine, the movements of the 
twenty-four balls represented the letters of the alphabet, as 
might have been agreed on. The project, though ingenious, 
was never carried into execution, and would have failed at 
great distances. Arthur Young, in his Travels in Fratuc, gives 
us au account of a somewhat similar contrivance, whidi affords 
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further evidence of the interest felt in the subject of electric 
coniraunications, Under the date September 16, 17S7, he writes: 
' In the evening to Monsieur Lamond, a very ingenious and 
inventive mechanic. In electricity he has made a remarkable 
discovery. You write two or three words on paper; he takes it 
wiitli him into a room, and turns a machine enclosed in a cylin- 
driciil case^ at the top of which is an electrometer, a small fine 
pith ball ; a wire connects widi a similar cylinder and electro- 
meter in a distant apartment ; and his wife, by remarking the 
corresponding motions of the ball, Ti.Tites down the words they 
indicate, from which it appears that he has formed an alphabet 
of motions. As the length of the wire makes no difference in 
the effect^ a correspondence might be carried on at any distance : 
within and without a besieged town, for instance ; or for a 
purpose much more worthy, and a thousand times more harm- 
less — between two lovers prohibited or prevented from any 
better connection. Wliatevcr the use may be, the invention 
is beautifiil.' It was not only beaulifulj it was a real electric 
telegraph on a small scale. 

A method proposed by Reiser in Germany/ in 1794, exhibited 
illuminatiid signals. Plates of glass partially covered with tin- 
foil were cotuiected by wires with a machine, and sparks of %ht 
became visible on the tmcovered parts of the glass when the 
electric current was passing. Cavallo, again, suggested in 7795 
the explosion of a Leyden jar as a means of arousing- the 
attention of the distant operator. In the following year Salva, 
a Spanish physician, constructed an electric telegraph, and 
described it in a memoir which he laid before the Academy of 
Sciences of Madrid. The Infant Don Antonio was so much 
interested in the invention, that he caused a telegraph to he 
erected, and turned it to practical use. Shortly aftern-ards a 
more extensive attempt was made by Betancourt, who stretched 
wires from Aranjiiez to Madrid, a distance of forty-five miles, 
aiid conveyed his signals by the discharge of jars. 
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JUL ADOPTION OF VOLTAIC ELECTRICITY. 

The telegraphs just brought under notice failed, because they 
were worked by statical or ^r/Vfi'c'-'Jrt/ electricity — that is, electricity 
obtained by friction, or from Leyden jars. This- kind of electricity 
is remarkable for ivhat is called its iemwn, or tendency to fly off 
from its conductors. It is an agent not to be depended On or 
held in control, and proves itself often capricious, from various 
causes, some of tliem inappreciable ; among the known, damp 
is one of the most influeutSaL Hence the realisation of electric 
tt^legraphs on a large scab was essenrially impracticable. 
Sisals, it is true, might have been transmitted within a building, 
but not for miles out of doors, in all weathers. For the further 
development of telegraphy, we are indebted to dynamic electri- 
city, or electricity without tension ; that is, without a tendency 
to abandon the condnctors along which it travels. Its pheno- 
mena) when compared with those of statical electricitj', are much 
more striking and interesting. 

In the whole history of accidental discovery, there is no event 
more remarkable than that by which tliat other form of electri- 
city, know^n as galvanism, was brought to light. To quote 
M. Arago : ' It may be proved that this immortal discovery 
arose in the most immediate and direct manner from a slight 
cold with which a Eolognese lady was attacked in 179a, for 
wliich her physician prescribed the use of frog broth.' In 
accordance with the medical advice, a number of frogs were 
prepared for stewing, and by some chance a few of them were 
laid on a table near an electrical machine, in the laboratory of 
Galvani, professor of anatomy at Bologna, and husband of the 
lady. An assistant had occasion to draw sparks from the 
machine ; and each time that he did so, Signora Galvani observed 
that the limbs of the dead frogs moved as though alive. She 
called the professor's attention to the fact; he repeated the 
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experiment, and with the same result. But without intending 
it, he went farther than this, and found that the limbs of frogs 
could be excited as well by means of good conductors as by a 
Eoachine. The power was present, gnd required only an efficient 
cause to develop its action. On examining further into the 
libenomenon, he ascertaiaed that it could be produced at plea- 
sure by touching the surface gf a nerve and of a muscle at the 
same time with a metallic conductor. 

A new explanation was soon to appear. Volta, professor of 
natural phitoaophy at Pavia, came to the conclusion that 
electricity was the cause of the phenomena witnessed by 
Galvani, and considered by that philosopher as due to sqme 
property inherent in the nerve or muscle. Volta had observed 
also that the excitenient of the organism was greater when 
touched with two different metals than when only orie was used, 
and from lliis result deduced the fact that the electricity resided 
in the metals, not in the nerves, and that bringing them together 
was the cause of the piienoinenon. After contintsed application, 
Volta at length discovered the instrument now known as the 
voltaic pile. At first it was a circle of small cups partially 
filled with salt water, and containing plates of zinc and silver 
connected by wires. It was subsequently modified into its 
present form — a pile of alternate dislcs of zinc and copper kept 
separate by the interposition oi disks of pasteboard moistened 
in an acid solution. At Napoleon's invitation, Volta visited 
Paris in 1 801, and explained and illustrated his theory of contact 
of metals and electro-motive action to the members of the 
Academy of Sciences. The First Consul was one of the 
awdience; and 'when the report of the committee on the subject 
was read, he proposed that tiie mJes of the Academy, which 
produced some delay in conferring its honotira, should be 
suspended, and the gold medal immediately awarded to Volta, 
as a testimony of the gratitude of the philosophers of France 
for his discovery. This proposition being carried by acclama- 
lioUf the hero of a hundred fields, who never did things by 
halves, and who was filled with a prophetic enthusiasm as to the 



powers of the pile, ordered two thousaad crowns to be sent to 
Volta the same day £rom Ihe public treasury, to defray the 
expenses of his journey,' 

The oltl electricity aad the new galvanispa differ in. many 
ways. Galvanism or voltaic electricity must have a continuous 
conductor; whereas frictioiial electricity will leap over short 
distances from one to another. Tlie one is steady, tlie otliei 
■uncertain. Iron, can be magnetised by galvanism, cot by 
electricity. 

Oersted made a grand dSscovery in iSo;, which he diligently 
pursued and -reconsid'ered, until he arrived at his celebrated 
conclusion 'm 1819. It consists in the striking fact that the 
needle of a compass, when placed above or below a voltaic 
we stretched from north to south, and forming a complete 
circuit, deviates from its normal position, and shews a tendency 
to place itself at right angles with the current There is, 
besides, the remarkable phenomenon, that when the needle is 
\^Mcw the wire, its south pole diverges to the west, if the current 
is passing from south to north, and to the east when flowing in 
the reverse direction : with the needle above the wire, directly 
opposite efifects are produced. This discovery excited an 
admiration and activity among the learned noi inferior to that 
which had greeted Volta. Among the foremost to elucidate the 
subject and extend the inqmry. Ampere stands prominent He 
demonstrated the dynamical laws of the science from experi- 
ment and mathematical calculation. He considered that the 
battery calls into play two currents in the wire, movii^ in 
opposite directions, and thereby producing magnetic action; 
and shewed that similar currents circulate about the poles of a 
magnet. Next, Arago found that on plunging the wires of 
a battery into steel fiUngs, the latter attached themselves to 
the wires, and remained adherent as long as the circuit was 
complete, but fell off on the instant of breaking contact. Here 
was another important step in advance : a wire could be 
magnetised at pleasure, It led to the invention by Mr Sturgeon. 
a few years later, of magnets of almost inconceivable power^ by 
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placing a bar of soft lioq within a. helix of copper wire, con- 
nected with a batteiy. As in the case of the steel filings, it 
became a magnet, or ceased to be such, every time that contact 
was made or broken. The straight bar was afterwards bent in 
the form of a horse-shoe, and its attractive poiver so much 
JQcreased in, consequence, that in some instances from two 
to three thousand pounds have been sustained. 

To entimerate the names only of those who have advanced 
the science of electro-magnetism, apart from any mention of 
their labours, would fill a long list. At the period more 
immediately under notice, Schweigger, De la Rive, Moll, 
CummiDg, Barlow, Faraday, Daniell, Ohtn, and Clnistie were 
multiplying factSj or deducing laws from those ah-eady known ; 
and the labourers have since become still more numecoii&. 



§ IV. STEPS IN THE PROGKESS OF THE SYSTEM. 

The electric, electro-magnetic, or raagne to-electric telegraph 
was now possible; and the possibility was not allowed to 
remain baiTcn of results. 

How are we to understand the strange acconnt, noticed by 
Addison in the Spectator^ of Strada's mysterious apparatus? 
Strada^ in one of his works published ia 1617, said that the 
original idea could be traced back to Cardinal Bembo, at least 
as early as 1547 : ' If you wish your distant friend, to whom no 
letter can come, to know anything, take a disk (or dial), then 
write round the edge of it the letters of the alphabet, in the 
order in which children learn them, and in the centre place 
horizontally a rod which has touched a magnet, movable, so 
tliat it can touch whatever letter you wish.' A similar instru- 
ment ia to be made, which * disk let the friend about to depart 
take with him, and agree beforehand at what time and on what 
days he will examine whether the rod trembles, and what letter 



it points to with its index. These matters being thus anange^ 
if you desire privately to speak to tlie friend wliom some shore 
of the cactli holds far from you, ky your hand on the globe, turn 
the movable iron — there you see disposed along the margin all 
the letters which are required for words; hither turn the 
indicator, and the letters, now this one, now that one, touch 
with the style ; and while you are turning the iron through them 
again and again, you separately compose all the ideas in your 
raiud. Wonderful to relate, the far-distant friend sees the 
volutle iron, tremble Avithout the touch of any person, and run 
now hither, now thither ; conscious he bends over it, and marks 
the teaching of the rotlj and follows, reading here and there 
the letters which are put together into words ; he perceives 
what is needeil, and learns it by the teaching of the iron. And 
moreover, when he sees tlie rod stand still, he, in his turn, if he 
thinks there is anything to be answered, in like manner, biy 
touching the various letters, writes it back to his friend' Here 
Strada becomes impressed with the importance of his subject, 
for he breaks out : ' Ob may this mode of writing prove useful! 
Safer and quicker thus would a letter speed, uqt have to 
encounter the snares of robbers or impediments of retarding- 
rivers. A prince might do the whole business (correspondence) 
for himself with his own hands. We children of scribes, 
emerging from the inky floodj would then hang up our pens in' 
votive offering on the shores of the ra^^gneL' 

Without stopping to inquire whether in this Strada wished to 
perpetuate tlie history of a lost art, or was merely giving play to 
his imagination, we proceed to the results of indubitable modern 
researches. In iSii, Soemmering proposed a scheme for a 
voltaic telegraph to the Academy of Sciences at Munich. It 
comprehended as many wires as there are ietters in the German 
alphabet, and the numerals o to 9, which terminated in tliirty- 
five gold points in a vessel of water. When the current passed 
from the pile, decomposition of the fluid took place, and a 
bubble of oxygen or hydrogen appeared at the point or letter to 
which attention was desired. Soemmering appears to have 
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been aware that the motion of electricity was sw-ifter than that 
of light; and in his memoir he sets forth the advantages to be 
derived from such :l form of telegraph — its avaihbility by oight 
Of by day, in fog or in cloud, and its invisibility while at rsute. 
The contrivance, although ingenious, failed. 

Schweigger sooii afterwajds entered the Usts. He shewed that 
two wires would be more effectual than the greater number, and 
thai it would not be impossible to print the communications 
from one end of the wire to the other — tlms anticipating t\vo of 
the most remarkable peculiarities belonging to the present form 
of electric telegraph. Schvveigger next strengthened manifold 
the force of magnetic action by a multipliiy, based on the fact 
that a current returning upon itself act£ in all its parts, and 
causes a powerful deviation m a magnetic needle placed within it. 
As described by Moigno : ' A conducting wire twisted upon itself, 
and forming a hundred turns, will, when traversed by the same cur- 
rent, produce an effect a himdred times greater than a wire with a 
sii^le tiun ; provided always that the electric fluid pass through 
the circumvolutions of the wire without passing laterally from 
one contour to another. This is a condition easy to fulfil. To 
make a multiplier, you take a silver or copper wire of any length 
or size, closely enveloped in silk thread, and wind it round 
a small frame, witliin which the needle is suspended on a pivot, 
and leaving a few inches free at each extremity. These are 
called the rvva wires of the multiplier, and when in work, the 
current enters by one end and passes off at the other.' The 
discovery of thermo-electricity by Seebeck is so far related to 
our subject, that he found that by applying heat to one extremll/f 
or to any part of pieces of metal, they Could be made to ^ve out 
electric currents. One end of a short bar being raised in 
temperature, a circulation of a current is produced through die 
whole mass. 

The new science was gradually assuming a definite com- 
bination. Two French savans, in the course of their investi- 
gations, found that a long extent of the iron of a railway could 
be used to complete a circuit, and bring back the reverse 
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current. The voltaic pile was soon repJaced by batteries m 
various form, among which the constant battery constructed by 
Professor Daniell supplied tlie long-soug-ht desideratum of sironger 
power. The zinc was pIuDged into a solution of chloride of 
sodium, and the copper into a sohition of sulphate of copper. 
The products of decomposition were disposed of by an ingenious 
coQtrivance, Liad loss of power provided against, so that the 
action maintained its fiill force for a considerable period. 
Batteries still more powerful have since been invented : the liquids 
employed have been varied, and charcoal and platintim substi- 
tuted for copper. One by Wheatstonc required but a single h 
liquid, sulphate of copper, in which was plunged a porous vasff ™ 
filled with a pasty amalgam of zinc, producing a constant action. 

Thus by degrees tlie elements of telegraphing were prepared : 
there needed but the mind to combine them. 

This distinction is claimed by Professor Morse, an American, 
having, as he %zy%, invented the first electro-magnetic telegraph 
while on his passage from HavTe to New York in 1832. His 
contrivance included a, marker at one end of a wire, which, as '\ 
contact was made or broken, produced an arbitrary alphabet ofj 
dots and strokes, which might represent definite characters.1] 
An experiment with a circuit of ten miles was tried before' 
several scientific men and members of Congress ; and the result 
being favourable, a sum of money wa.s voted by the government 
for a trial on a larger scale. The account of these proceedings) 
appears not to have been published earlier than 1S37; mean-i 
time Baron Schilliog of St Petersburg had constructed an electric 
telegraph, but died before its complete development. By his 
method, movements were imparted to five needles, out of whicli 
a code of signals was formed. Gauss and Weber's experiments 
and deductions, published in 1S34, brought the possibility of 
electro-telegraphy srill more within reach. In 1S37, Steinheilof 
Munich succteded in sending a current from one end to the other 
of a wire 36,000 feet in length, the action of which caused twO'H 
needles to vibrate from side to side, and strike a bell at each 
movement The bells were made to differ in tone, so as to 
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^^ indicate distinctly right and left signals; at the sa,me time, to 
combine a phonic and n written alphabet, certain points tipped 
with int impressed dots upoa a band of paper, and recorded 
the desired message. In tlie course of his researches Stdnheil 
proved a fact of great importance — that instead of using two 
wires, the earth would serve to complete the circuit. It was in 

■ 1837, alsOt that Wheatstone, whose name is so intimately asso- 
ciated with telegraphic progress in England, took out his first 
patent for an electrit: telegraph. He had been led to the 
invention by his experiments to determine the velocity of elec- 
tricity in 1S34, and proposed a system of five conducting wires 
■ in coojiectioQ with as many needles, which indicated the letters 
of the alphabet at the rate of twenty a minute. Attention was 
to be drawn to die signals by the stroke of a bell fonning part 
of the apparatus. M. Vorsselnian de Heer of Deventer invented 
an apparatus which imparted its signals through the sense of 
toucli, and was based on the principle, that to produce an effect 
by this medium demands a mneh stoallet power of electricity 
than to deflect a needle. He employed ten i.\'ires, and obtained 

■ forty-hve different combinations, which were produced by placing 
the finger-tips on the keys of the instrument, and attracted the 
notice of tbe attendant by a wire attached to his person night 

a.Qd day ; even if jn tied he was to be aroused by the shock, 
^^ la 1S40, Wheatstone had made improvements which gready 
^■simplified his &rst methods; the number of wires was reduced 
H to two, while the power of the instrument was increased, for 
\ thirty letters could be indicated in a minute. Besides this, the 

same inventor shewi;cl that the passage of a current afforded 
H means for other spheres of observation. Travelling at a speefl 
^ that would circumvolate the globe seven or eight times in a 

second, it might measure the rate of motion of projectiles, or 

regulate the taoveraent of all the clocks in a country; and by an 
I additional contrivance the pbce of fracture in a wire could be 
^1 ascertained without the necessity of examining its whole length. 
^^ A telegraphic wire was to bring down from a balloon, stationary 
^ sX 3. considerable height, the readings of a set of philosophical 
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instnimentR ; to record the state of i5iictuation5 of a barometer, 
thermometer, hygrometer, 3nd magnetometer, Mr Smee com- 
bined a simple apparatus, whereby his hot-house sfnf him news 
of Us ffic'/i t&m}eraiup-e to a distant room ! With a proper coto- 
bination of mathinery, a lady, seated in her drawmg-room iu 
London, might play Beethoven's sonatas on the piano of her 
fiiend at Edinburgh; or a ringer in St Paul's belfry might enter- 
tain the frequenters of theParliamentSquarewith a lively carillod 
from the tower of old St Giles's, Almost equally remarkable 
is tlie application of electro -magnetism as a motive agent — with 
which, however, ive have no concern here. 

The employment of the printing apparatus in 1S43 gave to 
the electric telegraph a wider and completer efficiency. Thi^ 
contrivance, when attached to the telegraph machinerj', and sel 
in motion by vvheelwork, caused a ribboa of chemically-prepare4' 
jjaper to pass under a fine steel point, which imprinted a series 
of arbitrary characters — dots and strokes — simultaneously with 
their transmission from the other end of the telegraph, however 
distant Although seventy or eighty characters could be pro- 
duced in a minute, the whole process was tedious, as die message 
had first to be punched in a strip of paper, and then written 
off after its delivery. In America the preliminary punching was 
avoided by making the operator open or close the galvanic circuit 
for longer or shorter intervals, by pressing on the spring-key of;^| 
the telegraph : according to the duration, strokes or dots were^^ 
produced. Since that time improvements have been made which 
print the message in the Ronnan character, and accelerate the 
rate of transmission. Bakewell's copying telegraph is one among 
many departures from the system of arbitrary signs. When 
this means of correspondence is in operation, instead of dropping 
a letter in the post-office bos, and waiting days for an answer, 
we may apply directly to the copying telegraph, have it copied 
at the distant town in a minute or less, and receive a reply in 
our correspondent's handwriting almost as soon as the ink is dry 
with which it was penned. There are various means, too, for 
reserving the secrecy of correspondence; tlie most curious ofi 
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which is, tliat the writing may be rendered nearly invisible in 
all parts but the direction, until its delivery to the person for 
whom it was designed. 

The success that has attended the progress of electro-tele- 
graphy has, as is usual in such cases, called up a host of claim- 
ants to the various inventions or discoveries. We are^ however, 
too apt to overlook the factj that discovery is rather the conse- 
quence of tendencies of thought and progress on the part of num- 
bers, than of sudden individual conception. The elaboration of a 
great moral or scientific truth , and its application to the well-being 
and advancement of society, are results not less hononr&bie to 
those who have assisted in producing them than to the prime 
originator— if such there be : remembering always, that but for 
the tliought and travail of previous generations, our own achieve- 
ments would be slender indeed. There have been frequent 
renewals of controversy, whether this or that person is the 
inventor of the electric telegraph. The claims of Mr Ronalds, 
for instance, have lately been brought forward,, on the ground 
that he sent signals, by frictioaal electricity, through eight miles 
of wire at Hammersmith in 18 r6 ; that he proposed, about that 
time, the adoption of an electric telegraph by the Admiralty ; 
and that, in a volume published oa the subject in 1S23, he said : 
•If he [the author] should be proved competent, why should 
not our kings hold councils at Brighton with their ministers in 
London? Why shoidd not our government govern at Ports- 
mouth almost as promptly as at Downing Street? Why should 
our defaulters escape by default of our foggy climate? And 
since our piteous innani^raH are not all Alphel, why should they 
add Co the torments of absence those dilatory tonnentors^ 
pen, ink, paper, and post? Let there be electric-conversation 
offices, communicating with each other all over the kingdom.' 
These were remarkable words, certainly, to be uttered so far 
back as 1S23, No ant person, however, let it be now distinctly 
Eidmitted, invented the electric telegraph. 
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g V. CHIEF CHARACTERISTICS OF TELEGRAPHING., 

At length we come to the actual u5e of electric telegraphs for 
commercial purposes, as parts of a regular sysiem. 

The first, or nearly the fiiSt, example was afforded by the 
Blackwall Railway, opened in 1840, In the four miles from the 
Minories to Elackwall, there were intermediate statioos at 
Shadwc!], Stepney, Limehouse, West India Docks, and PopW. 
The trains were drai^Ti, not by locomotives, but by rope-traction, 
with the aid of fixed s-team-ei^gineSr The trains started, every 
qnartcr of an hour in each direction. The announcements of 
departures, of stoppages, of the number of carriages attached to 
the wire-rope, of accidents or causes of delay, were regularly 
transmitted by electro-telegraphic apparatus placed at all the 
stations, and tlie business was thereby maintained in fuU vigour 
and discipline. 

Circumstances led the Blackwall Company to substitute loco- 
motive for fixed power ; but the value of the electric telegraph 
had been rendered too matiifest t<J pCtlxiit of its abandonment. 
Many of the railway companies deemed themselves justified in 
laying down a single instead of a double line of rails, owing to 
the safeguards which the telegraph afforded. By ihe year 1842, 
the system had been adopted on the London and North-Westem, 
South -We stem, South-Eastem, and Eastern Counties hnes. On 
the Great "Western the ■n-ires at first were placed ioside a con- 
tinuous tube, fixed a few inches above the ground at one side of] 
the line, but were afterwards strained on posts as on other rail- 
ways. This wire had not long been complete when a suikiiig 
instance occurred of the service which the telegraph might render . 
to society. A man of respectable exterior took his seat in a 
first-class carriage at the Slough station, eighteen miles from 
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London ; he was a murderer hurrying away from the yet warm 
body of his victim. The panting engine neared its destination ; 
the eager criminal bellevetl his escape certain ; but the alarm 
had been given at the fatal Spot, and q^uick as lightning the 
telegraph transmhted it to Paddington, with a description of the 
suspectet.! individual. In three minutes an answer announced 
the arrival of the train, the identificiiion of tlie fugitive, and the 
certainty of his capture. A deep impression was made on the 
public inind by this victory of science and justice over crime. 
Again, a communication, transmitted from. Paddington imme- 
diately that the year 1845 commeDced, wiis received at Slough 
in 1844, the clock at that place not having struck midnight. 
Though so short a distance, tlie difference of longitude was 
sufficient to mark the inconceivable velocity of the electro- 
magnetic current Swift-footed Time was hencefonvard to be 
beaten in the race. A still more remarkable instance of the 
same nature occurred in America: a message flashed from 
"Washington, when the new-year was a quarter-hour oidj was read 
off at New Orleans with half an hour of the old year yet to run. 
The first newspaper Ctiterprisc in electroi-telegraphy seems to 
have been the teport of a public meeting in 1845, Portsmouth 
was wild with excitement about two railway schemes in parlia- 
mcDt ; a meeting was held, and the result was anxiously awaited 
in London, where one of the newspapers printed it very soon 
after tlie meeting broke iip. This success incited Southampton, 
where the proprietors of one of the newspapers resolved to print 
the Queen's speech without waiting for tlie railway.. The speech 
was telegraphed letter by letter; and the 3600 letters were set 
up in type at Soutliampton two hours after the delivery of the 
speech. After this, the only Hmit was the expense; aoy news- 
paper proprietors who were willing to bear the cost could 
receive telegrams* to fill their columns to any extent they 



* \VIi«i Ihc name td/r^mm was inlToduceJ, Greek scJioIiits disputed about 
its correctness ; but the public found it so useful as to dispense with 
etyniolggy allogetliGr ; and it is now incorpomted indelibly in ihc Englidi 
language. 
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pleased. The Admiralty, conviaced of tlte adi'antages 
the system, adopted it in 1848 as a substitute for the old 
semaphore. 

The wire commonly used for thqse ■early telegraphs, and thj 
general organisation^ were not exactly such as are now adopted ; 
we may describe the present arraogements in the foIlowing^J 
brief outline. The wire is usually about one-sixth of an incn^| 
diameter, covered with a thin coating of zinc, or, as it is calfed, 
'galvanised,' to prevent ondation. Besides this, it is found that. 
the deposit from damp and dust and other causes affords a 
efficient protection. Four mites of such wire weigh a ton. The 
]>osts to which it is attached are fixed at from fifty to sixty y2xi 
apart — thirty or thirty-two to the mile. To insure perfect insul- 
ation, the wires are not permitted to touch the posts, otherwise 
the current would be diverted downwards through the wood, 
particularly in wet weather. Insulators of various forms, rings,' 
collars, and double cones, are made of ebonite, porcelain, glass, 
white earthenware, or brown stoneware. Besides the supporting-] 
posts, there are others called 'winding-posls.' four to the mile, 
to which the wires are connected in alternate half-mile lengths, 
and stretched by means of a screwing apparatus. It is on these 
posts that the insulators are placed ; a sufficient number being 
attached to each side, the wire is passed through the eye and 
drawn tight; while, to maintain the cominunicadon uninter- 
rupted, a loop of wire is affixed to the main lengths at a short 
distance on either side of the post, round the front of which it) 
jjasses in a slight curve. To protect the insulators as much as \ 
possible from wet, they are sheltered by a sloping wooden rooF. 
The pointed wire seen rising a few inches above the tops of the 
posts on some lines is a lightning-conductor with its lower 
extremity buried in the earth : a precaution not unnecessarj', as j 
thunder-storms produce singular etfects on the lines of telegraph. 

One wire will suffice for the transmission of correspondence 
between any hvo places ; the maktng u-se of a greater number — 
six, eightj or ten, as may be seen on some railways^is merely 
for the sake of economy or convenience. It is found better in 
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practice -to keep one or two Tvires distinct for the main termini 
or points of correspondence— say from London to Liverpool — 
than to make them serve at the same time all the intermediate 
stations. It is an airangement which helps to simplify the 
working dyties of the ofhce, and to facilitate them also; for with 
but one or t\vo wires there would be constantly-recurring delays 
and confusion, since while any two places were intercorammii- 
cating, all the others would have to wait. One of tlie wires is 
sometimes employed exclusively for the alarums— that is, to 
ring the bell at any station with which it may be desired to 
■■ speak/ Wherever connection is made with an intermediate 
office, the main wire is temporarily cut oif or shut out from this 
distant terminus. 

The wires, when in their place, are connected with galvanic 
batteries and telegraphic instruments at tlie respective statioas. 
Here it becomes necessary to consider the construction and 
action of a battery. The latter may be famitiariy described 
05 a wooden trough, from 3 to 3 feet long, and about 6 inches 
wide, divided crosswise into t^'enty-four compartments or cells 
— more or fewer according to circumstances — by partitions 
of slate. Two plates of metal, copper and zinc alternately, 
are placed in each cell, in such an order that all the plates of 
one kind face towards one end of the trough, and all of the other 
kind to the other end. A small strip or ribbon of copper unites 
each pair at the centre of their upper edges, forming, as it were, 
so many curved handles, by which they can be lifted in and out. 
As soon, then, as the remaining vacant space in each cell is 
filled with an acidulated fluid, die action commences; the acid 
begins to act on the zinc by dissolving it, the water contained in 
the solution is decomposed, and hydrogen thrown off from the 
surface of the copper plates ; whDe by a combination of oxygen, 
oxide of zinc is fonued, and this dissolving in the acid — which 
is commonly sulphuric — sulphate of zinc is produced. A posi- 
tive current is generated at the zinc, and passes to the copper 
tlirough the intervening fluid in all tlie series of cells, and 
continues, to flow as long as contact is maintained between 
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the wires wliich depart from either end, whatever be their 
length. 

The cells of telegraph batteries, instead of a fluid, are filled 
with pure sand, a material chemiciflly inert, moistened by 
fMjiiring in the dilute sulphnric add — an arrangement which 
admits of the apparatus being removed from place to place 
without risk of spilUn.g the contents, ivhile it diffiinishes waste 
of the plates ■vrithout diminishing their power. The zinc is 
most liable to dissolution, and would be rapidly exhausted were 
it not for the protective influence of an amalgarnating; process, 
now freqiieady adopted. A well-prepared batteiy, with occa- 
SLOoal renewals of the acid, will maintain an effective working 
condition during twelve or fifteen months. 

The wires of the battery meet those of the telegraph in what 
is. called the electro-magnetic machine, which externally resembles 
a cabinet clock, having a square dial-plate inscribed with the 
letters of the alphabet and certain arbitrary characters, and two 
hands placed side by side near its centre. These hands are 
the needles which are the tongues of the apparatus ; in their ^m 
vibrations to the right and left, their starts and pauses, the H 
whole correspondence is conveyed. Tor each needle \'isible 
on the face of tlie instrument there is a corresponding one 
inside, the two being so placed that the north pole of the onefl 
and the south pole of the other are in the same position, so as ^ 
to neutralise their magnetism, or rather the action of magnetism 
upon them. They are thus kept in a perpendicular position, 
and obedient to the slightest impulse from the battejy. The ^- 
inner needle is suspended within a coil Or multiplier, which ^B 
intensifies the power of the current at this particular spot, and 
is deflected to either side at pleasure by movement of the levers , 
or handles which close or open the electro-magnetic circuit. ^| 
The wires finish in two terminalsj which form part of the ™ 
mechanism, and are in connection with the magnet and the 
multiplier The battery-wires are brought to two other ter- 
minals, connected also ivith the same apparatus ; so that in 
order to reach the telegraph-wires, the current must first excitel 
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the magnet and the needles. This action takes place only 
when work is to be done ; at other times the circuit is left 
open. Instantaneously, hoiveverf on making contact, the 
signals exhibited at one end of the line are reproduced at 
the other; such ss the astonishing power of the magnet when 
rendered active. Messages of business or friendship, congratu- 
lation or anxiety, may be sent from one end of the kingdom to 
the other with the velocity of lightning. With all this speed, 
however, there is no actual motion, no absolute passagi.* of a 
fluid. It is only that, by a law of polarity, one molecule affects 
the other next to it; and so on ad mfinHnm, and ivith almost 
inappreciable celerity, as long as the exciting cause remains. 

When a message is to be sent, the clerk whose dut^'- It is to 
work the instrument places the written document before him; 
and after striking the ' ringing key,' to call the attention of his 
correspondent, takes one of the levers which project from the 
base of the machine in each band, and moving diem from side 
to side produces corresponding and simultaneous movements of 
the needles on his own and the distant dial-plate ; the words are 
thus spelt offwith^eat faciUty. Such is the quickness of appre- 
hension acquired bypractice, that the clerks can write themess^e 
as fast as the needles deliver it ; and it is said that some of the 
more expert would be able to read it without error from a blank 
dial. To expedite transmission, the communications are made 
as brief as possible by the elision cX letters and syllables^ and 
sometimes of half a word ; besides which, many conventional 
signs are made use of for full stops, paragraphSf italics, &c. ; 
and there is even a signal among the clerks for laughing, and 
one for the whUt!e of astonishment Where secrecy is desired, 
any two parties have only to agree to employ numerals as letters, 
or to reverse or transpose the alphabet at pleasure, in order to 
form a code of signals which none but themselves shall be able 
to interpret. The messages transmitted on the Admiralty 
service are based on a private systan, of which the chiefs alone 
understand the purport. 

With respect to the telegraph system as it was in 1850, let us 
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see what Mr C. V. Walker said of it. ' The rate at which 
newspaper dispatches are transmitted from Dover to London r 
is a good illusttation of the perfect state to which the needfe- ^| 
telegraph has attained, and of the apt manipulation of the ^ 
officers in charge, The mail, which leaves Paris about mid- 
(iay, conveys to England dispatches containing the latest tiews, 
which are intended to appear in the whole impression of the 
morning paper. To this end it is necessary that a copy be 
delivered to the editor in London about three o^cloclc in the 
morning. The dispatches are given in charge to us at Dover ' 
soon after the arrival of the boat, which of course depends on 
the wind and the weather. The officer on duty at Dover, 
having first hastily glanced through the manuscript, to see thael 
all is clear and legible to him, calls ' London/ and commences 
the transmission. The nature of these dispatches may be daily 
seen by reference to the Times. The miscellaneous cliaracter 
of the inteUigence therein contained, and the continual fresh 
names of persons and places, make them a fair sample fo 
illustrating the capabilities of the electric telegraph as it now is.. 
The clerk, who is all alone, placing the paper before hina in a 
good light, and seated at the instrument, delivers the dispatch, 
tetter by letter, and word by word, to his correspondent ia ' 
London ; and although tlie eye is transferred rapidly from the 
raanuscripl copy to the telegraph instrument, and both hands 
are occupied at the latter, he veiy rarely has cause to pause in ^ 
his progress, and as rarely also doi^$ he commit an error, And'^l 
on account of the extremely limited time in which the whole 
operation must be compressed, he is not able, like the printer, 
to correct his copy. At London there arc two clerks on duty — 
one to read the signals a3 they come, and the other to write. ^_ 
They have previously arranged their books and papera ; and as^f 
soon as the signal for preparation is given, the writer sits before •^ 
his manifold bookj and the reader gives him distinctly word for 
word as it arrives; meanwhile a messenger has been despatched 
for a cab, which now waits in readiness. When the dispatch 
is completed, the clerk who lias received it reads through tha-J 
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fiianuscript of the other, in order to see that he has not mis- 
imderstood hiin in any word. The hours 3nd minutes of 
commencing and ending are noted; and the copy beiTig signed, 
is sent: under oiTicia! seal to its destination, the manifold fac- 
simile being retained as our CJfEice-copy, to authenticate verbatim 
what we have delivered.' 

Instances are given to illustrate the lingular services rendered. 
'On nth December 1849, to the great astonishment of the 
merchants and bankers of Paris, three gentlemen appeared on 
'Change in that city, at half-past one p.m., having with them 150 
copies of the Times, printed and published in London on the 
morning of the self-same day; and not only did the Timn 
contain the Paris news up to noon of the previous day, l)Ut 
actually the closing prices of the Paris Bourse of the previous 
evening. The electric telegraph contributed in no small degree 
toward;^ the accomplishment of tliis feat At eight minutes past 
one A.M., the dispatch of 321 words, and the Bourse prices, 
equal to 55 words, were delivered into our charge at Dover, 
having been conveyed thither From Calais !n the ordinary mail- 
boat. In exactly thirty-two minutes — namely, at forty minutes 
jnast one — a correct copy of both these documents was handed 
in by us to the Times Office in London. The dispatch occupied 
us eighteen minutes, being at the rate of 17^ words per minute;. 
the Bourse prices, two mmutcs. 1^\ respect to the latter, the 
rate is high, because the larger portion is anticipated, the mere 
fluctuations being all that is new,' 

It is useful to refer to the above account, because the prodi- 
gious spread of railways and the improvement of the teJegraphic 
system enable the wOrid, in iS66, to far outstrip the doings of 
1850. Since the last-named year, the magndo-dedric maehi^e, 
an instrument of great value and importance, has been largely 
usetl as a substitute for the galvanic battery in telegraphy. 

The proprietors of telegraphs inform us that the communi- 
cations intrusted to them for delivery comprise the whole cata- 
logue of human wants and wishes, business and pleasure, joy 
and sorrow, friendship and law. On some occasions they have. 
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been asked to seni^ a sum of imoney or a small parcel alon^ tne 
w^^e^ by in di^n duals, too, whose surprise shewed the sincerity of 
their belief that the instrument could perform what was desired. 
Games of chess are played between parties in dislant towns, 
the moves being flashed from place to place alternately, 
aa fast as they are made. Then the security which the tele- 
graph lends to milway travelling is not the least of its merits : 
accident and obstruction can at once be made known, and the 
remedy provided. On one occasion a collision had occurred 
to an empty train at Gravesend ; and the driver ha%-ing leaped 
from his engine, the latter startetl alone at full speed to London. 
Notice was immediately given by telegraph to I_,ondon and other 
stations ; and while the line was kept clear, an engine and other 
arrangeinents were prepared as a buttress to receive the nin- 
away. The superintendent of the railway also started down the 
line on an engine ; and on passing the runaway he reversed hts 
engme, and had it transferred at the next crossing to the up-line, 
so as to be in the rear of the ftigitive. He then started in chase, 
and on overtaking the other he ran into it at speed, and the 
driver of his engine took poss-ession of die fugitive, and all 
danger was at an end. Twelve stations were passed in safety; 
it went by Woolwich at fifteen miles an hour, and was within 
a couple of miles of London before it was arrested. Had its 
approach been unknown^ the mere Tnoncy-valuc of the damage 
it would have caused might ha.ve equalled the cost of the whole 
line of telegraph. Instances of this kind are numerous- 

The promptitude with which detection has followed fraud by 
the agency of the telegraph, is sometimes very striking. On 
one particular evening, at ten o'clock, the chief casbier of a 
bank received a notice from Liverpool, by electric telegraph, to 
stop certain notes. The next morning the dsHcriptions were 
placed upon a card and given to the proper nfficcf, to watch 
that no person exchanged thera for gold. Within ten minutes 
they were presented at the counter by an apparent foreigner, 
who pretended not to speak a word of English. A clerk in the 
office who spoke German ioteirogated liira, when he declared 
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that te had received them gtv the ExchaDge at Antwerp six 
weeks before. Upon Teference to the books, however, it 
appeared that the notes had only been issued from the bank 
about fourteen days, and therefore he was at Once detained on 
suspicion. A letter was written to Liverpool, and the real 
owner of the notes came up to town on tlie next morning. He 
stated that he was about to sail for America, and that whilst at 
a hotel he had exhibited the notes. The person in ctistody 
advised him to stow the valuables in his portmanteau, 3s Liver- 
pool was a very dangerous place for a man to walk about ' 
with so much money in his pocket. The owner of the 
property liad no sooner left the house than his adviser broke 
open the portmanteau, and stole the property. 



§ VI. NEW COMPANIES AND NEW CONTRIVANCES.. 

The many wonderful improvements in the details of electro- 
telegraphy have been intimately associated with the formation 
of joint-stock companies for developiog tlie system. 

The Sitrtric Ttlegraph Company was incorporated in 1S46, 
with a centra! establishment in Lolhbiny. The building was 
amply furnished with all the requisites for telegraph service ; and 
by means of wires laid in tubes under the surface of the streets, 
was connected with all the metropolitan railway stations, the 
post-office, the head police station in Scotland Yard, the 
Admiralty, the new Houses of Parliament, Eiicklngham Palace, 
and many other public buildings. Besides these, communica- 
tions were complete with different places in the provinces, 
including the chief towns and outpoits. Electric telegraphs, 
according to the pairli.arDentary enactment, ' shall be open for 
the sending and receiving of messages by all persons alike, with- 
out favour or preference, subject to a prior right of use theteat 



248 



TelegrapJts, 



of the Ti 
;tary of > ^ 
sion of ^1 
I power ^1 

uire it. ^^k 

i»mnnl ^B 



for the service of Her Majesty, and for the puijioses 
company.' A proviso is also made in favour of the Secretary of 
State, who may, qn extraordinary occasions, tate possession of 
iiU t>ie telegraph stations, and hold them for a week, with power 
to continue the occupation should the commonweal require it. 
iTiere were established in EdinbuTgh, Manchester, Liverpool, 
Glasgow, Hull, Newcastle, and other towns, subscription news- 
rooms, for the accommodation of the mercantile and pro- 
fessional interests, to which was transmitted by electric telegraph 
the latest intelJigence, including domestic and foreign news ; 
shipping news; the stock, share, corn, and other markets; 
pariiamcntaiy intelligence; London Gazette ; state of the wind 
and weather from numerous places in England ; and the earliest 
possible notices of all important occurrences. 

In 1S50, a second association was incorporated, known as the 
British Ekcirii TikgraJ>h Company, for the purpose of telegraphic 
communication upon a more economical scale throughout the 
country, and for the purchase and use of patents. The com- 
pany's central office is in Threadneedle Street. 

To notice all tlie wrangles between those two companies, and 
others of later introduction, is beside our purpose. Suffice it to 
say, that the companies have settled down into the E!cclric and 
Intcruatioual, the British Ekdrk, 'dae. British and Irish Magncik, 
the London Disirict, and die United Kingdom, besides one or 
two smalt affairs. Some of them have underground wires, con- 
tained in tubes ; but by far the larger number have wires on 
poles along the railways. Some ijse the needle-telegraph, some 
the dial instrument Very little has yet been done in England, 
although much has been talked and WTiCten, to bring /r/«/;w^^ or 
recording telegraphs into use for commercial purposes ; the public 
are still mainly dependent on written transcripts of the iHcss2ge&. 
Since the United Kingdom Coj/;/(T/y established shiUing telegrams 
without reference to distance, in 1861, a hope has been enter- 
tained that this low charge will be remunerative ; but hitherto it 
has been barely successful. What kind of tariff will eventuall)' 
be found best, there is insufficient evidence yet to shew. The 
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high charge for the continental telegrams enables some of the 
other companies better to stand their ground. 

The Ovcrkouse Tdegrapk, belonging to the London District 
Company, is a curious one. Messrs Waterlow, a, commercial 
firm in London, were among the firat to introcitice the system, 
by stretching an overhouse wire between two of their estabhsh- 
ments. By permission of the inhabitants, they erected posLi? on 
some of the intervening house-roofs, and stretched the wire from 
post to post The same plan has been adopted in PariSj 
Brussels, New York, and other cities, for local purposes. A 
company, to carry out the scheme on a large scale in the metro- 
poiis, was formed in 1S58. They took a circle of eight miles 
diameter, with Charing Cross in the centre, and divided this into 
eleven districtSj each containing eight to a dozen stations. There 
was one chief station to every district, and subordinate to these 
were local stations. All the district stations were connected 
by the neare&t practicable routes, and all local stations were 
placed in direct communication witlt the chief station of each 
particular district. Pemiission was to be obtained (sometimes 
by purchase) to erect telegraphic poles on the roofs of houses and 
public buildings ; with facility of access for repair, renewal, S;c 
The original plan, with a few modifications, has been gradually 
put ill force. In the summer of 1S66, there were about 150 
of these stations in the metropolis, some of them beyond the 
four-mile radius. A nsessage is sent from any starion to any 
part of the metropolis at a charge of fourpence to sixpence, 
iadudiog delivery by a messenger from the second or receiving 
station. Government messages, civil or military; snramoning 
witnesses and lawyers to the law-courts ; announcements of 
births, marriages, and deaths; sending for medical aid in urgent 
cases ; giving notice to fire-brigades when and where their 
services are needed ; ' sending for the police,' in cases of tumiilt 
or t]\e like; announcing to friends an arrival or departure at a 
railway starion ; inquiring whether a friend is ' at home ' before 
you go to -v-isit him ; giving and accepting invitations ; mak- 
ing or postponing appointments; corresponding between tke 
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business house and the suburban residence of a. City man ; aiding 
the larger telegrapli companies in collecting and distributing 
their messages; attaching Eocal wires for the accoramodation of 
particular persons or finns at particubLr spots — all these duties 
come witljin the scope of the Overhouse Telegraph Company, 

The great destruction of averhouse wires^ during a fierce wind- 
storm early in 1866, led to a. suggestion for stretching the wires 
on lofDf posts fixed in the curb-stones of the streets, thereby 
avoiding both overhouse and underground arrangements. Many 
things would ha-v€ to be taken into consideration, before such a 
plan could be adopted. 

Although, as was stated in a foimei paragraph, printing otj 
recording telegraphs are not in very general use in England, it 
is necessaiy briefly to notice their chief characteristics. Morsis 
telegraph marks a series of dashes and dots, the lengtlis, 
positions, and distances of which are made to denote different 
letter and symbols; the transmitting instrument marks the 
dashes aud dots on one slip of paper, the receiving instrument 
on another, and a code-book translates riiese symbols into 
Enghsh. This system, but with ink marks instead of embossed 
dashes and dots, is Diorc adopted on the continent fhart guy 
other. SteinheiPs system makes the symbols by variously- 
distributed dots, without dashes, on chemically prepared bauds 
of paper, iVAHc/iausi'i, AUaiis, ITioDtsm^s, and some other 
systems, are diverse modes of employing the dot system. Some- 
times the mechanical appHJatus for making the dashes and dots 
is worked by a liand-lever; sometimes by pressing down keys 
instead of moving levers. £>igney's system marks the dots with 
ink, supplied in a peculiar way from a felt roller. Ulicatstone's 
Wj/piTj-a/ system punches holes clean through a strip of paper, 
the arrangement of the holes denoting the kind of word or code- 
sigQal intended to be conveyed ; it can send 160 letters per 
minute. Siemens and Mahksi system produces indentations 
(without ink) by means of peculiarly shaped metal types. 
Bsvdii^s system prints tlu message in Roman iype^ or something 
between Roman and Egyptian — all capitals, about an eighth of 
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an inch high. This is perhaps the most wonderful and beautiful 
of all the systems. A message, say from London to Edinburgh, 
is tratlStnitted through a wire or wires, and then prints itself in 
legible characters in the Edinburgh office on a shp of paper, 
which insy be kept 35 a record of the transaction. Commercial 
rather than imcdianical difficulties have, we beheve, retarded thf. 
spread of this method. Rogers's system makes ink marks on a 
brass disc, easily rubbed off when the telegram has been recorded. 
House's system is; one of those which print the tnessage in. ink 
with Roman type ; and Hughes's (now coming much into use in 
France) is anottier. Gain's system — or rather gne of several by 
the same inventor — makes rows of stain spots on strips of paper. 
Brdt's system acts by studs pressing od a circle of printing types 
chained with ink. Bakejudl's system gives an exact copy of the 
handwritiTig transmitted — even a portrait or profile. Casdli's 
Pavtdegraph, an improvement on Bakewell'Sy has the writing put 
with ordinary ink on silver paper, and the copy received in blue 
on a. white ground. There are others besides these, of great 
scientific beauty. The needle-telegraph is, however, still the 
one most used for railway-station work, because the apparatus 
is ample, easy to leara and to work, and easy to repair. A 
story, illustrative of this facility of treatment, is told of a station 
telegraphic clerk, who, when drowsy, ordered his dog to watch 
the instrument. When this supernuraemTy but faithful assistant 
lieard the dick, and saw the two index-pointers move, his bark 
roused his master to attend to the receipt of some message frooi 
a distant station. 

Perhaps the Metropolitan Railway illustrates the value of the 
electric telegraph more strikingly than any other yet constructed- 
On a iine five miles long, mostly underground, from Paddington 
to Finsbury, there are nine stadons, dirough which nearly two 
hundred trains a day pass in each direction. Jn the darkness of 
the tunnelled route one train would almost certainly run into 
another occasionally, were there not special precautions taken. 
Tlie plan adopted is, to forbid a train to quit one station until 
the next station la advance is clear, on the same line of rails. 
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and the distance also clear between the one station and the 
other. This is effected by electrii; signals at every station, when 
a tiain is coming or going, sending the proper message to the 
two adjacent stations. Mr Spagnoletti's afjparatus for this 
purpoEe is V'fery beautiful. 

Gradually, like most good and useful things, the telegraphic 
system has grown among us to a. position of great magnitude. 
lii 1S50, there were three diousand miles of magic wire talking 
in the United KiDgdom, In 1852, the length of line (averaging 
four or five wires each) was 4000 miles, supported hy 80,000 
jKiles, and worked at 300 railway stations, By the year 1S61, 
the United Kingdom was Credited with 1 1,000 miles, comprisitig 
gOfOoo miles of wire. Coming down to 1S65, we find an esti- 
mate to the effect that there were 15,000 miles of line; that 
these were made of 62,000 miles of wire; that there were 900 
telegraph stations; that the companies had spent ^2,500,000, 
of which ^£"400,000 was for the purchase of patented inventions; 
that diey transmitted 2,500,000 telegrams in the previous year; , 
that these telegrams brought in ;^5oo,ooo ; and that the work- 
ing expenses were 65 per cent. 

If this were a fitting place to notice the opening of new 
industrial employments for women and girls, we might dwell at 
some length on what is now doing at the telegraph-offices in 
England ; but a few words must suffice. At the central office 
of the Electric and IiiternatLonal Telegraph Company, in Tele- 
graph Street, Moorgate Street, about two hundred young women, 
under the careful supervision of a matroUf are employed all day 
long in transmitting and receiving telegraphic messages. The 
branch-offices in London receive messages which are to be sent 
into the country; these messages are, cliiefly by an ingenious 
system of underground pnetimatic tubesj quickly forwarded to 
Moorgate Street ; whence they are sent off as telegratns by the 
feminine workers at the instmments. It is a condition of 
employment that the yoyng wo^men, who range from eighteen 
up to t\venty-five years of age, should be imraarricd ; as it is 
considered that maternal and domestic duties would interfere 
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with the strict system necesaarily observed. Some have been 
governesses, some orphans of professional men, some the 
daughters of tradesmen who cannot afford to teep them at 
home unemployed. There are comfortable rooms in which they 
take dinner or tea, under very economical but satisfactory 
artatigements. Telegraphing by night as well as by day beitig 
carried on in this central ofTicet clerks are necessarily employed 
at all hours ; but this is men's duty, the young women never 
being engaged at night-ivork. The rate of earning varies from 
ten to as much as thirty shillings per week, according to the 
degree of tk-ilL attained- As situations in such an office arc 
eagerly sought for, the company exercise a careful system of 
selection ; and there are always many more candidates than 
there are vacancies for them. Various degrees of icteHigencu 
are soon made manifest in this kind of employment; either 
by errors of siignallimg or of transcribing, very absurd telegrams 
are received sometimes. The newspapers speak of one in 
which 'Johmon's Fotm on Plato^ was transformed into '^Jolm 
J'omers pw /yo/e Money /' 



§ VII. LAND TELEGRAPHS IN FOREIGN 
COUNTRIES. 



We must next glance rapidly at the achievements of other 
nations in spreading the electric wires over the face of the eartli 
— leaving for separate norice what a/i have been doing, at home 
and abroad, in carrying the wonderful messenger through seas 
and oceans. 

Frmict. — The spread of electric telegraphs in France was for 
a long time extremely $loiv. The government refused to aban- 
don their well-developed system of semaphore telegraphs ; and 
when with much reluctance they were induced to avail them- 
selves of the infinitely superior agency of electro-magnetisni. 
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they stipulated that the signals should still be produced by smalt 
iastruments, couriterparta on a diminutive scale of the apparatus 
contrived by Chappe. There were, however, too many practical 
difficulties in the way; aiid ultimateiy the absurd condition was 
withdrawn in favour of machinery similar to that used in this 
country, the government reserving to itself the exclusive use and 
control of the Unes. In 1845 and two following years, the 
telegraphs extending from Paris to Orleans, to Rouen, to Lille 
and Calais, to the Belgian frontier, and to Versailles, were com- 
menced and brought into operation. The results were sudi, 
that in iSjo a commission was appointed to inquire further into 
tlie subject. 

The comiaissLo tiers drew up a favourable report, recommend- 
ing the formation of additional linesj and tlie plan of stretching 
the wires on posts in preference to placing them in tubes under- 
ground; and that the telegraphs should be open to the use of 
the public Among other economical advantages to result from 
the further exteiisioa, was the saving of locomotive power 00 
railways ; for, in accordance with the practice on the French 
lines, whenever a train was tiventy minutes late an assistant- 
engine was despatched fcq its relief frOm one station after another 
all along the route — ^an arrangement which not only involved 
considerable expense, but liability to accident also. The con- 
struction of seven telegraphic lines was recommended; soon 
afterwards, five of the number were officially authorised^from 
Paris to Tonnerre, Rouen to HavrCj Paris to Angers, Orleans to 
Chilteaurous, and from the same city to Nevers ; and by 3 vote 
of the Assembly, 717,095 francs were set apart to defray the 
expenses of the necessary works. To afford the fullest facilities 
to the govemmentj wires were led from the respective stations 
in Paris to the office of the Minister of the Interior. The charge 
was so high, that, to send a message of 300 words from Paris to 
Calais {1S5 miles) would coat more than 35 s3ullings. From 75 
to 80 letters were transmitted per minute. The telegraphs 
complete and in progress in France in 1S50 were 1500 miles in 
length. 
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Bj^ degrees, new inventions and improvements have been 

inErodiiced, including Hughes's apparatus, and a form of Morse's 
which marks with ink instead of embossing, llie iron wires are 
about the some thickness as those used in Engl;mJ, \ inch. 
In the one country as in the other, the wires now connect 
almost every important town with the general net-work. No less 
than 400 tons of telegraphic wire were ordered by the French 
govemmeot in one year- 

Belgium. — In Belgium, a commission was appointed at the close 
of 1849 to consider the subject of telegraphs : the individuals 
named — one being M. Quetelet — were eminently qualified for 
their duties. After a careful examination of the systems oi 
electro-telegraphic communication employed in other countries 
— llie burying of the wires undergroimd, as in Prussia, and the 
stretching of them on posts, as in England and the Umted 
States — the liability to accident from premeditated mischief, 
atmospheric or other causes — they decided in favour of wires 
above rather tlian be:low the surface. They shewed tliat the dis- 
turbances to which the apparatus is liable from electricity of the 
ail is nowhere eo effectually guarded against as in England, 
where conductors are attached to the posts and to the machinery 
in tlie offices; and they recommended die adoption of similar 
means of protection on the Belgian lines. The first lines 
recommended and made were from Brussels to Qui^vrain — -and 
to the Pnissiaa frontier; from Malines to Ostend by way of 
Ghent — and to Antwerp — the several distances amounting to 
about 300 miles. The central situation of Belgium with regard 
to other countries rendered the formation of these lines of 
essential impottati^e in continental communications; and now 
Belgium fully rivals England in the closeness of the nel-woii 
formed by the various lines which have been constructed. 

Europe gcncra/iy. — Every country in Europe, even the most 
thinly populated, is gradually feeling the benefit of this wonder- 
ful medium of communication. A writer, so far back as 1850, 
said L 'Already the ramifications of electro-telegraphs extend 
from one end of Europe to the other ; the lines to connect 
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Petersburg with Moscow, and with the Russiaa ports on the 
Black Sea and the Baltic, are in progress; other wires stretch 
from the capital of [he czar to Vienna and Bedin, taking Cracow, 
Warsaw, and Poseii qn the way. Two hues, by different routes 
— Olraiitz and Brunn — unite Vienna with Prague, from whence 
an offset leads to Dresden; a third enables the Austrian govern- 
ment to send messages to Trieste — their outport on the Adriatic 
— 3!5 miles distant ; a fourth communicates widi the nietropoUs 
of Bavaria; and since the loth January (1^50), the Gazette 
d" Augsburg has published the course of exchange in Munich 
twen.ty minutes after it has been declared in Vienna. Calais 
may send news to the city of tlie Magyar on the Danube ; and 
ere long intelligence will be flashed without interruption from 
St Petersburg to the Pyrenees. Tuscany has 100 miles of 
telegraph under the direction of Signor Mattencci; and a single 
wire, traversing die level surface of the Netherlands, unites 
Rotterdam with Amsterdam. Communities are learning that 
the electric telegraph is an essential of good government; that 
police without it is inefficient; that by it the better interests 
of humanity are promoted. There is talk also of introducing 
the thought-flasher into that land of wonders — Egypt ; to stretch 
a wire from Cairo to Suez for the service of the Overland mail. 
Who shall say tliat before the present generation passes away, 
Downing Street may not be placed in telegraphic rapport with 
Calcutta?' Since that ye3.r, the progress has been so rapid 
that it was estimated in 1861 Europe contained 100,000 miles 
of telegraphic wire; and in 18G5, Downing Street really was 
' placed in telegraphic rapport with Calcutta.' 

A Telegraph Conference was held in 1865, at which sixteen 
foreign governments were represented, to agree upon a system 
for working all the continental telegraphs upon one harmoQious 
plan. But some curious difficulties arose out of the unwiUing- 
Tiess of some of the governments to admit telegrams in ciphfr or 
other unfamiliar language — in dread of political intrigues and, 
plottipgs. 

Asia. — In Asia, knd-wlres extend througli Asia Minor to the 
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Euphrates ; tlirough the principal towns of Persia and Mesopo- 
tamia to the head of the Persian Gttif ; through the whole of 
India, from north to south and east to west And now Russia 
is carrying wires right across Siberia, to join a short submarine 
cable immersed in Eeliring's Strait; whereby Asia and America 
will be joined by telegraph. As to India., nearly all the chief 
cities, are united by the magic wire^Kunrachee, Moultan, 
Laliore, Delhi, Agra, Lucknow, Allahabad, Benares, Calcutta, 
Madras, Bombay, &lc. One commercial house alone, Messrs 
Crawford''s, was stated, in iM^, to be paying ^£'3000 a year for 
telegrams to and from Iniiia. It 1% now admitted, however, 
tKat some of those land-wires are very badly managed, and do 
not render the amount of service which might reasonably be 
expected from them. 

Austraiiar — The southern hemisphere has not failed to shew' 
itself alive to the advantages of this wonderfijl aid to the 
communication of thought. Al! the governments on the main- 
land of AuHtralia (excepting, perhaps, the sleepy colony of Swan 
River or Western Australia), as well as those of Tasniania and 
New Zealand, now possess tines of telegraph. Melboume, 
Adelaide, Sydney, Brisbane, and many towns of secondary rank, 
are connected by wires ; and the total lengtli in that part of the 
world now reaches several thousand miles. 

Amsrka. — It is in the United States of America that the 
electric telegraph ha^ been most extensively developed and 
applied. Growing coincidently with the system so successfully 
worked in our own coun.tr>', an almost limitle^^s breadth of 
territory has necessitated a proportionate extension of the wires. 
The lines in many instances are carried across the cotmtr}', 
regardless of travelled thoroughfares; over tracts of sand and 
Swamp; through the wild primeval forest, where man has not 
yet begun his contest with nature — where even the rudiments of 
civilisation are yet to be learned. Away it stretches, the metallic 
indicator of intellectual supremacy, traversing regions haunted 
by the rattlesnake and the alligator — solitudes that re-echo with 
nocturnal bowlings of the wolf and bear. Economy -asvi. 
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rapidity of construction were prime desiderata; and to msure 
the proper working of the telegraph in Its direct course across 
the country, the setlters. who lived near the line vere at first 
pennitted to mai^e use q^ it on condition that they kept it in 
repair. By this means communications were maintained &om 
north to south|. east and west, through all the length and breadth 
of the mighty Union, and with a frequency and social purpose 
exceeding that of any other nation. From the frontiers of 
Canada at Bnrlington, and from Halifax in Nova Scotia, a line 
passes to Boston, and thence in a southerly direction till it 
reaches the Gulf of Mexico at New Orleans— a distance of 260Q 
miies. It connects all die great cities of the Atlantic coast — 
New York, Philadelphia, Baltimore, Washington, Richmond in 
Virginia^ Raleigh and Columbia in South Carolina, Augusta in 
Georgia, and MobDe in Alabama, In one stretch Maine and 
Vermont, where wiwer with deepest snows and arctic tempera- 
ture usurps sis months of the year, are united Ti'ith the lands of 
the tropics, where the magnolia blooms and palm-trees grow in 
perpetual summer. From New Orleans another nerve of wire 
threads the valleys of the Mississippi, Missouri, and Ohio; 
subordinate lines bring the great lakes^the inland -seas — intO' 
direct communication with the ocean-ports on the eastern shore; 
and other wires cross the Rocky Mountains to California and 
Oregon. In some instances, the rivers are spanned by wires 
Stretched on tall poles, or laid in tubes of gutta percha along the 
bottom of the wider channels or estuaries. Nothjng stops the- 
restless, enterprising spirit of t]ie people \ and their project for 
uniting the Atlantic witli the Pacific, New York with San, 
Ji'ranciscOj has been fully realised. 

The scale of charges in the United States is much lower 
than in this countiy: the electric telegraph is consequently 
more available to the greater part of the population engaged in 
commercial affairs. The transmitting apparatus used on the 
different lines is that severally invented or contrived by Morse^ 
HonsCj and Bain. On -the meeting of the legislature at Albany 
in 1S47, the governor's message, 35,000 letters^ was flashed to 



4 



Land Telegraphs in Forcigji Countries. 



359 



New York, 150 miles distant, and printed at the same time in 
twQ hours and a half. The president's message, on the warwith 
Mexico, was transmitted from Washington to Baltimore, 40 
miles, and pennaneiitly recorded at the rate of ninety-nine letters 
a 'minute. During the popular disturbances at Philadelphia in 
1844^ 'sealed dispatches were sent by express from the mayor 
of Philadelphia to the president of the United States. On the 
arrival of the express at Baltimore, the purport of the dispatclies 
transpired ; and while the express train was in preparation, the 
intelligence was sent on to Washington by telegraph, accom- 
panied by an order from the president of the railroad company 
to prevent the burden-train from leaving until the express should 
arrive. The order was given and complied with. The express 
had a clear tracli, and the president and cabinet (being in 
councilji had notice both of the fact that important dispatches 
were on the way to them, and of the nature of those dispatches ; 
so that when the express arrived, the answer was in readiness 
for tlier messenger.' Again ; ' When the Hibcrnla steamer arrived 
at Boston in Jamiary 1S4J, with neivs of the scarcity in Great 
Britain, Ireland, and other parts of Europ-e, and with heavy 
orders for agricultural produce, the farmers in the interior, of the 
siate of New York, informed of tlie facts by magnetic telegraph, 
were thronging the streets of Albany with innunn,erable team- 
loads of grain, almost as quickly after the arrival of the steamer 
at Boston as the news of that arrival could ordinarily have 
reached them,' 

Apart frotn business and politics, the Americans have made 
the electric telegraph subservient to other uses : medical practi- 
tioners in distant towns have been consulted, and their pre- 
scriptions transmitted along the wire; and a gallant gentlenaan 
in Boston married a lady in New York by telegraph — a process 
which might supersede the necessity for elopement, provided 
the law held the ceremony valid. Music, or at least the rhythm 
of music, has been conveyed by the same wonderful agency. 
An observer of the fact in New York sap: 'We were in the 
Hanover Street office when there was a pause in businw.'ia. 
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operations. Mr W. Porter of the office at Boston asked what 
time we would liave. We replied "Yankee Dootile," and to 
our surprise he immediately complied ■with our request The 
instniment conimecced drumiuing the notes of the tune as 
perfectly and distinctly as a skilful dnilnttier could have made 
them at the head of a regiment ; and many will be astonished to 
hear that " Yankee Doodle " can travel by lightning. We tlien 
asked foe " Hajl, Columbia !" when the notes of that national 
air were distinctly beat off. We then asked for " Auld lang- 
syne," whicli was given, and " Old Dan Tucker," when Jtr 
Porter also sent that tune, and, if possible, in a more perfect 
manner than the others. So perfectly and distinctly weriC the 
sounds of the tunes transmitted, that good instrumental per- 
formers could have had no difficulty in keeping time vi-ith the 
instniments at this end of tlie wires.' 

The telegraph is Used in America by all classes, except the 
very poorest — the same as the mail. A man leaves his family 
for a week or a month ; he telegraphs them of his health and 
whereabouts from time to time. If returning home, on reaching 
Albany or Philadelphia^ he sends word the hour that he will 
arrive. In the towns about New York the most ordinarj' 
messages are sent in this way : a joke, an invitation to a party, an 
inguiry about heahh, &c. ' In our business,' said a New York 
merchant, 'we use it continually. The 6ther day two different 
men. from Montreal wanted credit, and had no references ; we 
said, " Very well ; look out the goods, and we will see about it" 
Meanwhile we a^ked our fnend^ in Montreal : ' .-Vte Pump and 
Proser good for one hundred dollars eachl" The ansiver was 
immediately returned, and we acted accordingly; probably much 
to OUT customers' suq:)riae. The charge was a dollar for each 
message, distance about 500 miles, but much further by tele- 
graph, as it has to go a round to avoid the water.' 

A considerable portion of American telegraph was put up 
slightly at first, and was often destroyed by storms. Now tt is 
made with heavier wire, on posts from eight to twelve inches 
diameter. The lines cross die Hudson suspended from the top 
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of a very high pole on each side, placed on the top of the hills. 
The wire goes over at one stretch j the distance about a mile, 
but still hanging high enough in the centre to allow the tallest 
ships to pass under it 

It was estimated that in 1850 there were 11,000 miles of tele- 
graph at work in the United States. In 1853, the length was 
set down as 30,000 miles in the United States, and 3000 in 
British America. A large measure of amalgamation has been 
going on between the several American telegraph companies. 
After a period of intense competition and small profits, two of 
the New York, companies combined ; this proving successful, 
four others joined theiBj and formed together the Western Union 
Company; then fout other companies made with them a work- 
ing agreement, which has turned out well for tliera and for the 
public. In ]S(ji,itwas calculated that 50,000 miles were at 
work in the States; and by 1S66 the length had increased 
enormously. A great feat was performed on one particular day 
in 1865, when a telegram was sent direct from New York to 
San Francisco, a distance of 4000 miles. To the credit of the 
Americans, they were the first to introduce the wonderful system 
of newspaper telegrams. Several new&papen* clubbed together, 
and contracted with telegraphic agents for the supply of news 
from every part of the Union, the news being available to all the 
pajiers alike. At the present tin^e, much more is done in this 
way in America than in England, owing to lesis clashing of 
interests and to lower charges, 

Thus it ts that, nearly all over the world, the lightning 
mes.senger is teUing his tale. Even in iS6s, it was supposed that 
2oo,DQQ miles of line were at work, in all countries and all 
dimes ; and it is certain that a stupendous addition was made to 
the length between that year and 1866. 
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5 VIII. OCEAN-CABLE TELEGRAPHS. 

At length we come to that which is, perhaps, the most wonderful 
of all these wonderful ma-nifestatioDs of electric agency— the 
submarine tdegraph, a line of thought beneath the ocean. 

The discovery of the fact that the moisture contaioed in the 
earth will cqnvey the return current, and thereby complete the 
electric circuiCj was virtually the beginning of submarine tele- 
graphy. Even so far back as the beginning of the present 
century, Aldini succeeded in sending a current from bank to bank 
of Calais harbour, through the sea, after it had passed in the 
opposite direction through a wire elevated on the masts of 
boats. He also sent a Current along the shore, the sCa com- 
pleting the circuit. The nse of better-planned apparatus^ how- 
ever, was necessary to the due development of the principle. 
Id 1842, Lieutenant Wright and Mr Bain sent electric impulses 
through the water of the Serpentine. Mr Wheatstone laid down 
an electric wire from King's College tq the Shot Tqwer nearly 
opposite, and found that the water of the Thames sufficed to 
complete the circuit A Jersey newspaper, in 1844, was bol(t 
enough to suggest the laying down of a telegraphic wire, covered 
by some insulating substance^ in the sea, from Soutliampton to 
the Channel Islands; the idea was regarded as extravagant at 
that time, but subsequent experience has shewn that it was 
perfectly legitimate. In 1845, an American newspaper, bolder 
still, predicted that the Atlantic would one day be spanned by 
an electric wire, to interchange thoughts between Americans 
and Englishmen. Then came the actual submarine line in 
Portsmouth harbour, laid down in 1S47 ; and so entirely 
successful was this, that projects began to be formed for similar 
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wires or cables from Dover to Calais, from Holyhead to Dublin, 
and from Marseilles to Algiers, In America, after ascertaining 
that gutta percha seems to be a better insulator for the wire 
than incJia-mbbeT, submariDe or sub-river telegraphs were 
successfully laid in the Hudson river, frora New York to Jersey 
City. 

Dover and Calais, the white-cliff representatives of England 
and France on the opposite sides of die Channe], manifested 
the importance of the electro-telegraphic system in 1S50. On 
the 28th of August in that year, after certain preliminajy experi- 
ments had been tried, the Goliah steamer started from Dover 
with a huge reel on her deck, containing 25 miles of wire coated 
■with gutta percha, which was slowly imwound and submerged 
as she left the land. A horse-box was set up on the beach, to 
serve as a temporary office for the instruments and operators ; 
from which the wire was led through a leadeo pipe to some 
distance beyond low-water mark, as a measure of protection in 
a part die most exposed. A Hne of buoys marked the traclt of 
the steamer; she travelled about four miles an hour, and the 
wire was gradually sunk at the same mte by means of heavy 
weights attached at regular intervals. A powerful set of batteries 
had been provided : as one of the objects was, if possible, to 
work Brett's printing telegraphy and when the steamer had 
made good a pordon of her vOyagc, the communicarion was 
established, and words were printed at the instrument on board 
the vessel^imperfectly, it is true; but tiie fact once verified, 
the perfecting liecame matter of detaiL The needle- instrument 
played freely, and in the evening its signals shewed that the 
voyage had terminated successfully. A message Hashed from 
under the sea by the opposite party announced, ' We are all safe 
at Cape Grisnez,' widi the inquiry added, 'How are ycu?' 
Thus the international communicarion was complete ; but it was 
soon interrupted by the breaking of die wire, which was too weak 
to withstand the action of the water and friction on a rocky 
bottom, A Submarine Tdegrapk Company, whidi had under- 
taken this work, nothing daimted, at once set aboial preparations 
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to re-establish the connection, on a scale calculated to obviate 
the risk of accident. The nnres, four in number, were enclosed 
in a cable several indies in circumfcreace, and from twenty ta 
twenty-five; miles in length. Each wire was separately eni-cloped 
in gvitta percha; a similar coating encircled a!] four; then came 
a binding of yam dipped in melted tar and tallow ; and then a 
tight spiral sheathing of ten galvanised iron wires. This formid- 
able cable, weighing no less than iSo tons, was submerged in 
the autumn of 1S51, from the South Foreland to Sangatte, near 
Calais, the one end being placed in connection with the Eng- 
lish land-lines, and the other with those of France, At first 
this submarine telegraph was used only for the Craasmission of 
Stock Exchange intelligence; but on the aist Novemberf the 
Times reported Paris political news so promptly as to shew that 
a great power was at once developed. The effect was marvel- 
lous. Before the year 1853 was far advanced, Loudon was 
placed in direct telegraphic communication (at a definite 
tariff of diarge per telegram) with nearly all the chief cities of 
(Continental Europe, through the medium of this one Dover and 
Calais cable. Ireland was linked to England in the same year 
liy a marine cable submerged from Holyhead to Howth. Holy- 
head surprised itself \rj firing cff a cannon at Jicwthl The feat 
was managed thus. When the Britannia, bearing the cable, 
arrived at Howth safely, the end of the cable was put in con- 
nection with a loaded cannon on board ; an electric message 
was sent tlirough the cable, C5 miles long, giving the word 'fire;'' 
Holyhead u'/rf'fire, by sending a pulsation through the cable, and 
the cannon went off. 

Cable after cable was submerged in various seas, aa soon as 
the success of the method had been so completely shewn. ' Sub- 
marine telegraph companies began to spring up in consider- 
able number, while one or two greater companies undertook 
the laying of many cables each, Portpatricls, in Scodand, to 
Donaghadee, in Ireland; the Mull of Cantyre to Fairhead; 
the Suffolk coast to the^ IuHaud xoast; Genoa to Corsica) 
Corsica to Sardinlaj Sardinia to Sicily; Sicily to Africa — all were 
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routes for which plans had beeij laid before tlic end of the year 
1S52. During 1S53 and 1854, these and several other lines were 
finished; and then in 1855 game those unprecedented Crimean 
tables which told us how our poor fellows were getting on. 
outside Sebastopol. This was very remarkable work, certainly. 
_ A thin cable, a mere cord of gutta percha, with one copper wire 
I in the middle, was submerged in the Black Sea, from Varna in 
Turkey to Balaklava in the Crimea, a distance of 350 miles, 
with a. subsidiary line of a few miles from Balaklava round to 
Eupatoria. The slender cord lasted in working-order only a 
year or so ; yet it rendered an incalculabre amount of service, 
by conveying messages direct from the War-office in Pall Mall 
to the camp outside Sebastopol. This, of course, involved the 
completioD of tlie land-wires through European Turkey. 

By the year rSj?, the Ionian Islands and Africa were 
connected by submerged cables with Sardinia, and so with 
France and Western Europe. Then, in iSsS,. the commerce 
of Europe was aided by the laying down of two cables from 
England to Holland and to Hanover j and electricians had the 
escitemeat connected with the laying of the first Atlantic cable 
— an achievement to be fully described presently. And then 
did England unite herself electrically witli Denmark, ■\i'ith the 
Isle of Man, and with Boulogne, in 1859; and Sweden with 
Gothland, Greece with the Greek islands, Italy with Turkey, 
Jersey with France, and Spain with Africa. In this year, too, 
was begun that costly but unfortunate Red Sea and India cable, 
3800 miles long, extending from Suez down to Aden, and so 
across the ocean to Kurrachee, at the mouth of the Indus. 
Scarcely had the year 1S60 seen the finish of this cable, when 
breakages aiid disasters began, so numerous and so frequently 
repeated, that the cable brought very few telegrams, indeed, 
from the distant East to Eg>'pt. To complete the chain from 
India to Europe, numerous cables were submerged in various 
directions in the Mediterranean in 1859, i860, and iS6r — now 
from Greece to Syra, now from Syra to Candia, now from 
Candia to Alexandria, now fitim Malta to Alexandria. The 
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last of these, 1500 miles longf lias been the most successfx^( 
of all the great ocean cables yet constructed ; to the yeari 
1866, it has continued to be the chief means of Lnfonuing our-] 
newspapers and pohticians of the arrival at Suez of the mail-" 
steamers from India, China, and Australia. A clever scientific 
aChieTcment was carried out with the France and Algiers cable 
in i860; when thirteen miles out at sea, i25afathQms of cable 
were fished up from the ocean-bed, a fault cut out, and the 
<able relaid. 

To cnmnerate all the telegraphic cables submerged in 1S63 
and the four following years would be to give the history of 
six thousand toiks of line, some successfu], some disastrous, 
Spain, Italy, France, Turkey, Greece, England, Holland, Den- 
mark, Sweden — 'all took part in linking the continent and the 
various islands of Europe by cables sunk in the German Ocran, 
the Irish Sea, the English Channel, the Baltic, the Black Sea, 
the Adriatic, and the Mediterranean. A grander work than 
any of theasj perhaps, was the Persian Gulf and India cable, 
fimshed and set to work in 1865. Laud-wices extend from ihe^J 
European system through Asiatic Turkey, MeSOpotatnia, and^H 
Persia, to the head of the Persian Gulf at Bassora ; a cable 
then extends down the gulf to the Indian Ocean, and so on 
to Kuirachee. It is understood that the shbmei^ed portion; 
of this Ifne works better than the land portion, which is sadly 
neglected during its passage among the semi-barbarous tribes 
inhabidng the banks of the Tigris and Euphrates. Still, it does 
work, and telegrams are now interchanged between Loadoa 
and India. 

The day has not yet arrived for linking Australia with Asia 
by cable, yet it is one of the achievements fairly to be looked 
forward to in the future. From North Australia to some of the 
islands in the Indian seas, and from thence to Singapore, electric 
cables will probably be submierged before many years have 
passed. At present, the mail-steamers from Australia touch aC 
Point de Galle in Ceylon, and transmit telegrams to England 
from tlience, if the India and Persian Gulf lines are in working' 
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Older; if not, Uie telegram cannot be sent until the steamer 
arrives at Suez, seeing that the Red Sea cable is no longer in 
working-order. As one example of the usefulness of the cable 
from Kuirachee to the Persian Gulf, it may be mentioned that a 
Tnail-stearaer, leaving Melbourne on September 25, 1866, reached 
Point de G^lle on October zs, and flashed a telegram at once 
to London, thus giving us news from Australia in kss than a 
calendar month. 

In the South Atlantic, nothing has yet been done in the way 
of submarine telegraphy; but Spain, in 1S65, conceded to a 
company the privilege of submerging cables to connect Cuba 
with North, South, and Central America. The Pacific, from 
north to south, is without any such aids to commerce. The 
scheme, however, mentioned in a former section, of connecting 
America with Asia by telegraph, will comprise the submersion 
of a cable across Behring's Strait^ and another across the Sea 
of Okhotsk. 

Riutei^s Tdegra^ns, a mystery to most people, are connected 
with many submarine as well as many land lines. Some years 
ago Mr Reuter organised a plan for collecting telegraphic 
information from various parts of the continent, arranging it 
in a London office, and then supplying it to newspapers and 
commercial firms on certain stipulated terms. It is ao adaptation 
of a plan which has long been acted on in America, and is foimd 
to be valuable both to the newspaper proprietors and -to the 
cottimerciai public. Mr Reuter has not hitherto been the owner 
cf telegraphSj land or sea ; he makes contracts with the owners, 
and, in fact, buys telegrams from them, ' Reuter's Telegraph 
Company,' however, established in 1865, took over aU Mr 
Reuter's business, and, at the same time, undertook the owner- 
ship and submersion of a new cable from Hanover to England 
— considered to be one of the finest ever yet constructed- 
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§ IX. THE ATLANTIC TELEGRAPH : EARLy' 
ATTEMPTS. 

We now approach so important and deeply interesUng a series' 
of episodes in the liLstOry of electro-telegraphy, as to require a 
fuller mode of treatment than was necessary in the last section* 
Never in the history of the application of science to the arts 
have more wonderful results been obtained, or more singular 
ilifficulties Biirmounted, than in the Atlantic oceanic cablggi 
laying bet»*cen 1857 and iS65, '^H 

There were several submarine cables at work before the 
magnificent idea arose of submerging one beneath the wholes- 
breadth of tlic Atlantic When it becatnc know-n that ekctri^^B 
telegraphic comrauaication could be made across the Irish SeA^ 
to the west coast of Ireland ; when it became knOTiTi that 
sirnilar communication could be made from the United Stati 
to Newfoundland — then did it become plain thatf bo far as 
ocean cable is concerned, 17010 miles from Ireland to Ni 
foundlattd would suffice, instead of 3000 miles from Liverpoo 
lu New York : Sand-wires and short cables supplying the rest. 
As to the possibility of insulating A. wire in a long submarine 
cable, Professor Morse expressed a strong opinion in the affir- 
mative, so far back as the year 1843; but it was not until about 
the time of our (irst Great Exhibition that the Atlantic project 
began seriously to occupy men's thoughts. In tSj t a plan was 
formed for connecting Newfoundland, Prince Edward Island, 
and New Brunswick with the United States byivires and cables; 
in association with a projected line of steamers from Nnvfound- 
land to Ireland. The legislature of that colony gave encourage- 
ment to the project ; and Mr Gisbome proceeded with the work 
in 1S52 — i"^. But financial troubles overtook the company, and 
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the works were suspended. In 1854 Mr Gisborne and Mr 
Cyrus Field discussed together, not only the means for finishing 
the British-American wires and cables, but a mighty scheme for 
spanning the Ocean itself. There lias been a little discussion 
on. both sides of the Atlantic concerning the precise person 
to whom honour is due as the originator of the scheme ; but m 
truth there was no ofte such person, any more than there was oste 
inventor of the steam-boat ; many ingenious minds combined in 
various ways to work out a grand result. 

Lieutenant Maury and Professor Morse were taken into 
council by Mr Gisborne and Mr Field; and various naval 
officers were consulted loudiing the soundings, ocean-bed, 
winds, tides, and currents of the Atlantic LteuteLinnt Maurj- 
inferred, from a mass of observations that had been obtainedi 
that there is a kind of plateau or elevated plain at the bottom of 
the Atlantic, bet-vveen Ireland and Newfoundland, highly favour- 
able as a resting-place for a telegraphic cable ; the surface being 
composed of a layer of sheUy rragments as fine as sand. He at 
once gave it the name of the Tdigraphk P!atcau,7^iiA declared it 
to be the only practicable line of route for a sub-Atlantic cable. 
Mr Pield organised, among the monted men of New York, a 
' New York, Newfoundland, and London Telegraph Company ; ' 
and great powers, almost amounting to a monopoly, were 
granted to this company by the legislatures of the several British- 
American colonies affected. The property and rights of the 
old company were bought up, and the works recommenced. In 
1:855 Mr Field came to Englandj and consulted Mr Eninel, Mr 
(afterwards Sir Charles) Bright, Mr Brett, Mr AVhitehouse, and 
other experienced persons, respecting the great cable and all 
that pertained to it. 

The year 1S56 came, and found Mr Field and his company 
still engaged in laying doiivn cables to connect Newfoundland, 
Prince Edward Island, and Nova Scotia. A grand experiment 
was made for him one night by the English and Irish Magnetic 
Telegraph Company; they s.ent messages through sooo miles of 
underground wire, and shewed that the force was quite adecywX'i 
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to that amazing amotint of work. In order to bring gr^ 
monetary power to beaj on the projectf English capitalists were, 
invited to join ; and at length was bom, towards the close of 
the year (1856), the AUantk Tel^raph Company. There were 
superb DoLions among the promoters ; nothing ]ess than _^idoo 
to be received; the capital sura to be ^350,000, in 350 sharei 
of ;^iooo eacii. So favourably was the scheme viewed, that^ 
money was abundantly forthcoming. As it would not be wi 
to make the cable bear any near proportion in length to thi 
distance from Ireland to Newfoandland : in other words, as i 
was necessary to provide abundantly for 'slack/ or twistings 
and deviations — it was resolved to construct 2500 miles, 
although the distance is barely 1700. The embedding of the 
wires in the insulating giitta pcrcha was intrusted to the Gutta- 
percha Company; the finishing of the cable was undertaken by 
Messrs Newall and Messrs Glass and Elliott, in equal propor- 
tions. The cost was to be about ^90 per mile, and the cable 
was to be ready by the ens^uiiiig midsummer. 

A busy year indeed was 1857 ; for the capital was to be paid 
up and spent, the legislative privileges obtained, the cable 
raanufacturedj and the submersion completed, An act 
parliament was passed; and the British government signed an 
agreement to pay ^14,000 a year (4 per cent, on the capital) 
for government messages, to be lessened to _;^io,oOa a year 
when the net profits of the company reached 6 per cent. ; to 
pay this subsidy for 25 years; and to assist with Admiralty ships 
in making soundings and laying the cable. The United States 
government, after some opposition in Congress, granted exactly 
similar tenns to the company. Thus the eocourgements afforded 
were really very great, and seemed to augur enormous profits to 
the company. 

Let us see of what tlie cable consisted, and how it was made. 
Fifty oe sixty kinds were tried ; and it was not until a vast 
number of experiments had been gone through that the fin 
form and dimensions were determined. A Cable too bul 
would require too much ship-room to convey itj too heavy, it 
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would be in danger of severance by its own weight during sus- 
pension before touching the ocea-n-bed; too Ught, it would be at 
the mercy of the waves and curtents, liable to be carried about 
in zigza,g curves wholly beyond the power of the engineer to 
control or measure} too weak, it would not bear the requisite 
weight and strain ; too rigidj it would not ivind readily round 
tlie drums employed in the submersion, nor would it conform 
itself easily to the irregularities of the ocean-bed. All these 
matters had to be considered, and a balance of advantages 
secured. The cable, as eventually decided on, consisted of 
seven fine copper wires, twisted togedier into a neat cord, six 
round one ; this formed the conductor, about -i^^-th-inch thick, 
and waghing 107 pounds per mile. Outside this were three 
layers of giitta percha, bringing the diameter to about f th inch, 
and forming with the conductor the csr(. This core was covered 
with hempen hvine, saturated with pitch, tar, bees-wax, and 
boiled linseed oil ; and cmtside it was the sheath of iS strands, 
each consisting of 7 iron wires coiled tightly around each other, 
or rather six around one. Thus the cable was really a very 
complex structure. Altliough only ^inch diameter (leas than 
the size of a farthing), it contained J copper wires add 126 iron 
wires. The weight was just about one ton per mile. 

The manufacture of the cable called forth all the skill and 
resources of the eminent firms engaged upon it. To make the 
copper conductor, one wire was dragged downwards through a 
hole in a circular table, while the Other six wires, each uncoiling 
from a, revolving dram, were twisted spirally round it by tiie 
rapid rotation of the table itself. To coat the copper conductor 
unth an insulating substance, guttapercha was msped, macerated, 
chumedj washed, boiled, sifted, squeezed, and kneaded to a 
great degree of fineness and smoothness; it was forced by 
hydraulic pressure througli a die, which also had the copper 
conductor running through it; and the two came out together, 
the copper in the midst of a cord of gutta percha. A second 
and a tlu'rd drawing through dies thickened the layer of insu- 
lating substance. The core was made in pieces two miles long ; 
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and fifty of these, after testing and examination, were wound 
round several dmms, and conveyed frotn t>ie Gutta-percha Works 
10 the Wire-cable Works. Here, by revolving drums and tivisting 
machines, the core was coated with a layer of hempen yarn ; 
while the two-mile pieces were joined end to end as fast as 
this process advanced. Revolving bobbins and drums twisted 
seven icon wires into a strand, and then twisted eighteen of these 
strands round the core ; the core rose up through the centre of 
a whirling table, and the strands coiled themselves around it, 
The seven small wires to form each of tbe eighteen strands were 
deemed better than one ^vire of equal total size, for safety in 
case of partial breakage; and the same reasoning led to the 
employment of seven small copper wires instead of one 
thicker wire for tire conductor. As there were 133 ivires in the 
cable, all told, arid as most of them were twisted in a spiral 
during the progress of manufacture, it resulted that there were 
more than 330,000 miles of wire in all — enough to reach from 
the Earth to the Moon, with a good surplus for 'slack.' The 
finished cable was drawn through a mixture of melted pitdi 
and tar, and coiled in large raasses until shipped- 

Thus was the manufacture carried on Eo completion; and 
the engineers who were to undertake the submersion tJien set 
their brains to work. 

There was no ship in the world at that time {the Great 
Eastern being Unfinished) that could carry Out the whole 2500 
miles of cable; and therefore the English government lent the 
Agamemnon, and the American government the Niagara, to 
divide the work. The one ship received its half of the cable at 
Greenwich, the other at Birkenhead. The Agamcmtwn had 
space enough in the hold for her share of the cable, r^so miles, 
in one single coil; but the Niagara was driven to the adoption 
of tliree coils, placed at ditferent parts of the ship, 

Valentia, in county Kerry, the most westerly port In Europe, 
was selected as the point of departure. It was agreed that the 
two ships should sail side by side, and the Niagara first pay 
out her half of the cable, to be followed by the Agamemnsn 
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similarly submergLiig the second half: a junction or spUce being 
made in mid-ocean, half-way between Valentia atid Newfound- 
land. 

A busy day was the Jth cf August J857, Six steamers were 
assembled in the usually quiet harbour of Valentia — the Aga- 
ptcmnon and the Niagara carrying the two halves of the cable; 
the Leopard, Susqu^hanim, WUUng Mind, and Advice Te3tly to 
afford assistance. The shore-end of the cable was landed, and 
received with some ceremony by the Lord Lieutenant of Ireland 
in a temporary telegraph-house on the beach. Off the ships 
iA*enl, the Niagara submergcng her half of the cable. Tlie 
apparatus for effecting this was strong and yet nicely adjusted. 
Uncoiling from the hold of the ship, the cable passed round a 
central block or cote, wound round and among a series of 
grooved sheaves, passed over another sheave overhanging the 
stem of the ship^ and so plunged into the sea. The paj-ing-out. 
or departing of the cable from the ship was at a speed depend- 
ing on the ship's speed, which was kept lovu and steady. Electric 
currents were repeatedly sent through the whole length of 
cable, to test whether the insuladon was complete; and 
signalmen were on the watch to see that all went well and 
steadily. Five miles of au.\iliary iron cable rope (not electric} 
were pro^-ided on board, to be used in case the electric cable 
were suddenly endangered by a storm or any other calamity ; 
the true cable wonld in such case be cut, after being attached 
to the auxiliary wire rope, and allowed to swing at leisure until 
the storm were over. 

The chapter of misfortunes SOOn commenced. When only 
four miles of the shore-end of ithe cable had been paid out, an 
entanglement of some of the machineiy led to a breakage, and 
the Niagara had lo lie-to while a splice was made. On the 8th, 
at noon, the ships had proceeded so far as to pay out 40 miles 
of cable ; 85 miles by midnight ; ijO miles by noon on the 9th ; 
iSg_by midnight ; 255 bynoon on the loth. By noon on the 
nth, however, the engineer, finding that they had expended 
335 nautical miles, or 380 statute miles of cable in a straight- 
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line distsnce of only j8o miles, began to fear that the slack 
or zigzag was too great; he altered the paying-out machinery; 
this was done unskilfully, and snap went the cable in 3000 
fathoms water. It was the second accident, but it proved to be 
conclusive ; for the scientific men on board, even if they had 
succeeded in fishing up the end of the cable from a profound 
depth of 2 J miles, began to feel that the tjuantity of cable in 
store was not sufficient. They resolved to abandon the enter- 
prise for the present, and return to Ireland. Deep was the 
mortification. On the cTe of departure, the late Earl of Carlisle, 
as Lord Lieutenant of Ireland, had expatLT,ted on the fervent 
hope of establishing ' a new material link between the old 
world and the new. Moral links there have been, links of race, 
links of commerce, links of friendship, links of literature, links 
of glory; but this, our new link, instead of superseding and 
supplanting the old ones, is to give them a life and intensity 
they never had before. The link which is now to connect us, 
like the insect in a couplet of our poet, 

' ' While eiq^aisilely fine, 
Feels at each thread, and moves along the line \ " ' 

And his lordship spoke as if even war? would be impossible 
when a thread of instantaneous thought was stretched between 
the old world and the new. 'What excuse would there be for 
naisunderstanding ? What justification would tliere be for war, 
when the disarming message, when the fiiU explanation, when 
die genial and hcaJing counsel may be wafted even across the 
mighty Atlantic, quicker than the sunbeam's path and ' the 
lightning flash ?' Alas! nations do not always wait for 'justifica- 
tion for war' before they plunge into it — as recent events have 
too well shewn, 

Mr Field at once started off in one of the attendant steamers 
to London, while the other ships returned, not to Ireland, but 
to Plymouth. The unused portion of the unfortunate cable, 
some 4170 miles long, together with 53 miles of thick sUore-end, 
were removed from the ships, and deposited in tanks in tiiC 
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GoveraraeTit Steam-yard at Keyham, near Devonport; and so 
ended the voyage. Judging from subsequent experience, there 
seeros no reason to douM that the supply of cable would have 
been sufficient, provided Ihe two ships had maintained anything 
like a steady and uniform course ; but probably those on board 
saw sufficient reason to doubt the maintenance of this steadi- 
ness, and deemed it wise to submit to temporary discomfiture 
rather than risk the whole cable. 




§ X. TEMPORARY SUCCESS IN 1S58. 

What was next to be done ? Were the promoters to sit down 
quietly uadet the loss of three or four hundred thousand pounds 
sterling* They speedily decided to be up and doing. Mr 
Charles Brigtit, tlieir electrical engineer, in a report to the 
directors, said : ' I do not perceive in oiir present position any 
reason for discouragement; but I have, on the contrary, a 
grater confidence than ever in the undertaking. It has been 
proved beyond a doubt diat no obstacle exists to prevent qnr 
nltimate success; and I see clearly how every difficulty which 
has presented itself in this voyage can be effectually dealt with 
in the next. The cable has been laid at the expected rate in 
the great depths ; its electrical working through the entire 
length has been most satisfactorily accomplished ; while the 
portion laid actually improved in efficiency in being submerged, 
from flie low temperature of the water, and tlie close compression 
of the texture of the gntta percha; the strLictiure of the cable 
has answered every expectation that I had formed of it; and if 
it were now necessary to constmct another line, I should not 
recommend any alteration from the present cable.' The direc- 
tors took heart. They raised additional capital ; they ordered 
from Messrs Glass and Elliott 900 miles more cable; they 
adopted an improvement in the paying-out apparatus, constrncted 
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under the care of some of our best engineers; they availed 
themselves of Mr Appold's self-regulating break, to check, 
the rate at which the machinery revolved ; and they obtained 1 
from tile British and United Stales governments promises of] 
assistance in ships in the summer of 185B. 

And so the summer came. The cable at Eevonport (it was 
afterwards known) suffered in electric capability during the 
many months in which it was stowed away; but {liis unfortanate 
fact was not known at the time. The Agamemmn and Niagara^ 
with die old and new portions of cable on board, steamed out 
of Plymouth, and proceeded to their place of rendezvous. This 
was not Valentiaj for a new plan had been formed. It ivas now 
decided that, instead of beginning at oue end and proceeding 
steadily to the other, the two ships should steam out together to 
mid-ocean, where the two cables 'ts'ould be spliced ; then the 
Aganumnon would steam slowly eastward to Valentia, and the 
Niagara westward to Newfoundland, paying out the cable as 
they went. 

It was a bright and brilliant day when the ships set forth on 
the iDth of June; but untoward weather set in within a few 
hours, and the steamers were lashed by a terrible storm for 
se^'en consecutive days. It was not until the 25th, more than a 
fortaight after the starting, that the ships succeeded in reaching 
the appointed locality, in lat 52" 2' N., long. 33'' 18' W, ; 
wi.di the enormous weight on board, they had rolled fear- 
fully, and lives as well as cable were mare than once in great I 
danger. One end of the cable from one ship was spliced 
to an end of the other from the second sliip — an operation of 
no small difficulty in a stonny ocean. This splicing is effected 
by laying bare the copper wire for a given length at each end, 
filing it to a given angle or slope, soldering together two such 
fded ends, binding and bracing them with fine rt-ire, applying 
layer after layer of gutta percha, allemating these mth the bJtu- 
tninous mixture kQgwn as ChattertOn's compound, and again 
twisting the outer iron wires round the coil. The * Wire 
Squadron,' as the sailors called it, then separated ; the Agamemmn 
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steaming towards Valectia, the Niagara towards Nen-foundland. 
On tlie 26th thev began the submerging, but had not proceeded 
fax when the cable broke. Another splice, and another start on 
the aSth ; when lo 1 after 111 miles had been paid out by the 
Niagara, and 118 miles by the compantOD-ship, a double snap 
' took place on the 2rith ; and there lay 144 miles of cable at the 
bottom of the ocean, wholly severed from the other portions, 

I and the operations rendered worse than useless. 
What was to be done ? To return to England or Ireland and 
consult the directors. The Agatiiemnon steamed off to Corl;, 
which she reached on the istli of July. As soon as ofEcial 
commmiications could be held, it was at once resolved^as there 
was still cable enough and BUtnnier weather enough — to try 
again. 
Then commenced die third Atlantic telegraph expedition — 
that is, the second of tlie year 1S58. OiT they started a^ain, 
and on the 29th of July the two great ships spliced their two 

I portions of cable in laid-ocean. This time, the splice was 
dropped in lat. 53° 10', long. 33" 29'. All proceeded now so 
surprisingly well, tliat the officials could hardly credit their 
senses. Day after day the opeiations went steadily on, paying, 
out eastward by One ship, westward by the other— 265 miles oa 
the 3Qth, 540 by the evening of the 31st, S84 by the ist of 
August, 1356 miles by the 2d, about 1550 by the 3d, 1854. by 
the 4th, and 2022 by the 5th. How it happened that they 

» could lay so much as uearly 400 miles in one day was because 
each ship did half that quantity — one east^vard and tlie otlier 
westward. So well had the work been timed, that the sliips 

I arrived at tlie tivo islands on the same day, the one at Valentia 
and Uie oUier at Newfoundland, 
The first lightnmg message, the first electric telegram, was 
flashed across the Atlantic on llie 6th of August 185S. The 
Aganiann/rn and the Niagara, spoke to eacli other, telling what 
they had done iu lauding the tivo shore-ends of the cable; and 

etia sent word to London, and Neirfomidland to the 
ates and Canada. England was delighted, but 
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America was almost wild with joy. Mr Cyrus Field, in Trinity 
Bay, Newfoundland, sent messages to the New York Associated 
Press and to President Buchanan 3 the telegraph company in 
London sent to congratulate the telegraph company at New- 
foundland j and the Lord Mayor of London interchanged 
compliments with the Mayor of New York. But the most 
majestic messages were between Queen Victoria and the 
President of the United States, on i6th August. The one 
tness&gc was to the following effect : 

^ To the President of Ihc UfiiUd Siata, Washington. 

•The Queen desires to congratulate the President on the 
succesEful completion of this great international work^ in which 
the Queen has taken the deepest interesL 

'The Queen is convinced that tlie President will join with 
her in fervently hoping that the electric cable which now con- 
nects Great Britain with the United States will prove an 
additional link between the nations whose friendship is founded 
upon tJieir common interest and reciprocal esteem. 

'The Queen has much pleasure in communicating with the 
President, and renewing to him her wishes for the prosperity of ■ 
the United States.' 
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In sixty-seven minutes this message was transmitted from 
London to Washington through the ocean cable and land wires ; 
and in about the same time the President's message was 
transmitted : 

' To Her Majisty Vidsrta., Quern of Great Britain. 

"The President cordially reciprocates the congratulations of' 
Her Majesty the Queen on the success of the great international 
enterprise accomplished by the science, skill, and indomitable 
enei^ of the tn.-o countries. It is a triumph more glorious, 
because far more useful to mankind, than was ever won by| 
conqueror on the field of battle, 

' May the Adantic telegraph, tinder the blessing of Heaven, ^ 
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prove to be a bond of jierpetual peace and friendship between 
the kindred nations, and an instrument destined by Divine 
Providence to diffuse rellgioD, civilisation, liberty, and law 
throughout the world- In this view will not all nations of 
Christendom spontaneously unite in the declaration that it shall 
be for ever neutral, and that its coiimiunications shall be held 
sacred in passing to their places of destination, even in the 
midst of hostilities?' 



Whether the Atlantic telegraph would have kept the two 
nations in perpetual friendliness, and whether it would be 
regarded as neutral in war by all civilised nations, the cable of 
185S was not destined to shew. It speedily failed. The 
transmitted impulses became gradually weak, as if its strength 
were overpowered by too much electric energy. At last, on the 
ist of September, it ceilsed to speak, after having conveyed 1474 
words in 129 messages from England to America, and 28S4 
words in 271 messages from America to England. 

Down went tlie company's shares in the market, and deep 
was the mortification of everybody concerned. Scientific men 
inquired into the matter by every test tliey could apply. There 
was the cable lyitig quietly along the bottom of the ocean ; but 
it refused to convey messages, refused to give passage to the 
swift-moving current of electricity. The decision arrived at 
was, that die cable had been manufactured too hastily; that 
it must have been defective while on shipboard; diat the strain.. 
upon it was too gte&t and too unequal while being paid out; 
and that it had been injured by so many coilings and uncoilings 
in two successive years. Half a million of money was gone, 
irretrievably gone, unless the cable could be picked up and 
repaired ; and the directors were not sanguine enough to say 
much to the disappointed shareholders ori this point. Neverthe- 
less, there were men who remembered that the very last word 
which the cable flashed &om Europe to America was ^Fgnvard* 
— a word of good omen. 
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\ XL PREPARING FOR ANOTHER ATTEMPT: 

1859 — 1864. 

Little is there to tell concerning Atlantic telegraphy during 
1S59 and the five following yeare. Wheo engineers have no 
definite plans, directors no capital, and the public little or no 
hope, joint-Btoclc enterprises have not a brilliant time of it. A I 
few words in reference to each yeaj's proceedings will suffice focj 
the present purpose. 

TKe year 1S59 presented little beyond discussion 2nd contio-j 
versy as to the cause of the electric failure of the cable : it was 
still believed to be unbroken. Advocates came forward with 
a schease for a new Atlanric route, intended to afford several 
land resting-points between England and America, and thus ^a 
not trust to one submarine cable of so great length. Of duS^J 
scheme we shall speak in another section. Meanwhile, the 
original Adantic Company reopened negotiadons with the 
government, witli a view to obtain such an increased subsidy 
as would induce capitalists to come to the rescue. A provi* 
sional arrangement was made, to the effect that the government . 
would guarantee S per cent on a tt«w capital of ^6cio,c5oo for 
twenty-five years, and pay ^^2 0,000 a year for goveraniient 
telegrams. Of course, this was conditional oti the raising of , 
ihc money, the manufacture and submersion of the cabl^ and 
die success of all tlie working details. 

In 1 8O0, as in tlic fireceding year, money and science wure 
the two matters which occupied the attendou of the company. 
As to money, they could get little. Even the tempting 8 per 
cent, subsidy failed to restore confidence to the public, so deep 
liad been die general disappointment. The directors appointed 
3 commiltee of very able men to examine and report upon 
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the circumstiinces that bore in a Ecleotific or pra.ctical way on 
suttnarine telegraphy- Mr Fairbaim, Professor WheatstonCj 
Mr Bidder, Messrs Edwin and Latimer Clark, Mr Varley, and 
Captain Galton were men who Could not easily be excelled in 
their several departments; and the directors couM hardly do 
better, it would seem, than, consult such savans. In the same 
year the directors sent out Captain Kell and Mr Vartey to 
Newfoundland, to endeavour to recover some portion, of the 
cable. They only succeeded in fishing up five miles of it, 
and found that the sea-bed was much rougher and more uneven 
than had been supposed. The recovered portion was stiU, 
however, electrically good, and no adeq^uate reason appeared 
why the cable generally had failed. 

The year 1862 found the scientific committee very busy with 
their investigations and experiments. The results were published 
from time to time, and were taken into consideration by the 
directors. An attempt was made to fish up another portion of 
the unlucky cable at the Valentia end ; but only a litde was 
effected, not sufficient to defray the cost. 

In 1863, the prospects began to brighten a little. The 
directors announced that Messrs Glass and Elliott would make 
and submerge, for ^700,000, a new cable of the kinil proposed 
by the scientific committee, with a certain conditional ratio of 
payment, according as the attempt should succeed or fail. Mr 
Cyras Pield went to New York to interest American capitahsts 
in the matter, holding out what seemed to some persons at that 
time hopes that the new cable would realise 4C3 per cent, per 
annum dividend on the capital required to constnict it. In 
London, another scientific committee confirmed the decision 
of the former, and dt-cided on the kind of cable which was 
eventually adopted. 

Those who are fond of tracing coincidences may find singular 
materials for so doing in the cheqnered fortunes or misfortunes 
of tivo noble enterprises in 1S59 and the five folloi^g years — 
the Grmt Eastern steaun-ship and the AttanLic cable. Both were 
unequalled of tlicir kind ; both had cost a vast deal more money 
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than had at first been intended ; both had suffered a series of 
mishaps ; and both were held up commercially by new i-ojvtf^l 
provided from time to tinie between 1859 and 1S64. Singular, 
too, that iheir fortunes now brought them intimately together, in 
a way presently to be told. 

The year 1864 was a busy one. Capitalists, encouraged by 
the confidence of all tliose who had been practically concerned 
with the former cable, c^^ne forward with the money, and took 
the shares. The Gutta Percha Company, who had made tbe 
cote, and Messrs Glass and Elliott, who had made the sheath, 
now joined their fortune^, and became the ' Telegraph Con- 
struction and Maintenance Company.' They took the contract 
for making and subfnerging the new cable, to be paid partly in 
shares and partly in cash, and the price to vary according as 
the enterprise succeeded or failed. As a means of avoiding the 
evils that had arisen from placing two halves of the cable io 
■different ships, they resolved to charter the only ship in the 
world that could contain the entire cable without destroying 
her sailing Capabilities — the Great Easiern. In order tliat the 
respon^bility of the whole af^r should be clearly defined, the 
ship was chartered by, and her o^vners made immediately 
responsible to, those who were to make and submerge the 
cable — not those who were eventually to pay for it. 

Let us see in what particular this new cable differed from 
the old one. Instead of being 6-ioths of an inch thick, it was 
ii-iDtlis; instead of beiug sheathed with iS iron wires twisted 
into a coi!, it was sheathed with 10; instead of each of these 
being a strand of seven smaller wires, each was one tliick wire; 
instead of a breaking strain of 3^ tqns, the whole cable wOuld 
bear 7^ tonsj instead of weighing about i ton per mile in 
air, it weighed ij- tons; instead of weighing 13-4 cwts. per 
mile in water, it weighed 14 cwts. \ instead of being able to 
bear 4-85 times its own weight in water, it would bear 11 times ; 
and instead of having 260 lbs. of gutta percha per mile outside 
the copper conductor, it had 400 lbs. The seven copper wires 
which collectively formed (he conductor, were each about ^jth. 
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inch tliiek, and together weighed joo lbs. per mile. The 

sheath wires had tht: diicltness known in the trade as 'No, 13.' 
As to the processes of making, they differed very little from 
tfjose already described. The centre copper wire of tlie 
coaductor, after being coated with gutta percha melted in hot 
Stockholm tar, liad the sis other wires coiled around it into 
a compact mass. Th-e conductor, thus made, was coated with 
■ the mixture just named — constituting ' Chatterton's compound' 
—then with pure gutta percha; then witli another layer dt 
compound ; tlien another of gutta percha ; and so on, until four 
coatings of the one alternated witli four of the Other, The core 
vins passed throngh a die in the application of each gutta-percha 
coating, to make it a smooth, iizux, unuorm, solid cylinder. 
This finished core or cord, weighing about 700 lbs. pet mile, 
was tested in all sorts of ways during the mannfacture, and was 
then conveyed in convenient lengths to the works at East 
Greemnch, where the ten stout iron wires were coiled around 
it A layer of jute yarn, tanned in catechu, was placed between 
the core and the sheath; and each of the ten wires of the 
sheath waSj before being used, covered with a layer of tancd 
Manilla yam. In this way there were gradually made 2300 
miles of cable, weighing i-| tons per mile, making about 4100 
tons — a truly mighty weight for any one shij) to take out to a 
stOrm-tosscd ocean ! To prevent the cable from being injured 
by friction on the shallow beaches at Valentia and Newfound- 
land, 27 miles of 'shor&nend' Trere made, the thickest ever 
produced, being no less than 2J inches in diameter, and 
weighing 20 tons per mile. 

In naming these qnantitleS, relating to the thicknesses of the 
cable, we may remark that the word 'cable' greatly deceives 
many persons as to the real dimensions of the rope produced. 
A cable is a ponderous production for holding anchors, a rope 
sometimes as much as S inches in diameter, or 25 inches in 
circumference- True, sxich cables are not now often made, 
seeing that the larger kinds are manufactured of iron chain 
instead of twisted hemp ; nevertheless, a hempen cable is still 
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the largest kiad of lienipen rope. No telegraphic cable ever 
yet made approaches anything near the thickness of a ship's 
cable. The shore-ends, just spoken of as so ponderous, are not 
tliicker than a lady's wrist; the main cable preparing fur 1S65 
was barely equal in diameter to a florin j the cable laid from 
Malta to Alexandria was less than the size of a halfpenny; the 
Atlantic cable of iS^S did not exceed the diameter of a 
farthing; while the Crimean cable of 1855, ivhich stretched 
across the Black Sea from Varna to Ealaklava, and which 
rendered such inestimable service in conve3ang messages to 
and from onr army engaged in the Russian War, was a mere 
cord, more like a wax-taper than anything else. It matters 
not much in effect, yet it would give general readers a much 
more coirect idea if a better name than telegraphic ' cable' 
had been originally adopted. 



§ XII. THE CABLE FAILURE OF 1865. 

The time for another grand attempt was near at hand. All the 
companies worked with heart and hope during the winter of 
1S64 — ■65, bringing up their several plans and organisations to 
the requisite degree of conipletencss. They had every motive 
for doing their best. The many hundreds of thousands sterling 
already sunk would never be recovered unless another attempt 
were made ; the raanufacttircrs were deeply interested ; the 
scientific men felt their pride a little touched j and the cora- 
mercia! world wished that 1S65 might give them what 1858 
had given- — telegrams from the other side of the Atlantic. 

There was much still to be done before these hopes could be 
practically realised. The Great Easterti had to be considerably 
altered in her interior airangements to accommodate the 
immense coils of cable. Three circular tanks were fitted into 
hefj mostly of halfinch and five-eighths iron, backed and 
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supported by massive timbers. The fore-hold tank was 51^ 
feet diameter by 20^ deep, and would hold 693 miles of cable ; 
the aftei-hold tank, 58 feet diameter by 20^ deep, for 89S 
miles; and the midship tank about the same size. The united 
capacity was 2490 miles, '^ or 190 miles more than would really 
have to be conveyed. The govemraent lent the Irh and the 
Amethyst; and these two sliips were employed, moutli after 
month, iQ carrying portions of finished cable from EastGreeu- 
wich to the Medivay, where the Great Eastern, was moored. 
Very carefully made and managed machinery was employed to 
tmnsfef the cable fi-om tiic w-ater-filled tanks at East Greenwich 
to the Iris and Amethyst, and from those vessels to the water- 
filled tanks in tlie Great Eastern. The cable itself was made 
by January 1S65, hut it occupied from that time to June to get 
the whole of it spliced and properly coiled in the tanks of the 
mighty ship. 

Wlio shall measure tlie sanguine hopes of joint-stock directors, 
or say when those hopes become extravagant? The company 
wanted more tnOncy; and in raising it by eight per cent 
preference shares, they expressed a belief that those shares 
would be dXfour hundred per cent, premium by the end of July! 
The money was forthcoming, but not the fuMlraent of the 
prediction. 

Great was the joy when, on the 24t]i of May, the Prince of ] 
Wales sent a raessag-e of healtli-drinking or success-wishing- 
through nearly the whole length of cable in the great ship ; high 
was the admiration when, on the 24th of June, the Great Eastern 
steamed out of the lledway to the Note, witli 4600 tons of main 



• In tnobt of the accounts of tliesc telegraphic aghicveuients, ihsre is sad 
confusion !□ die staled lengths, owing to a want of alteution to the diffcrence 
between a stalitle ra\\c nnd a aaK^y'co/ mile— Liie one being i;6o yards und the 
oilier 2025 yards. Even the offit:iaJ ilescriptions often Jeave in in doubt whicli 
standard is meant. And in like manner in reference to the distance frain 
Volentiato Newfoundland, it is given stuputime^ nt jf^oroUes ami soiuelimes 
at 1834 miles (even in different pages of ttie same liaok) — a. dllTerence nearly 
annlo^ous to that between a statute mile and a nautical mile. 
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anO shore cable- on board, 2000 tons of iron tank, and 7000 
tons of coal ; and warm were the parting greetings which were 
excliaoged on the 15th of July, when the grand ship weighed 
anchor and started on her voyage. On the 17th, she came up 
with the Caroline steamer, freighted widi the massive shore-cable j 
and the two steamed on to Ireland. The Great £asi(m 
anchored in I3antry Bay until all was ready for her at Valeotia, 
from the 19th till the 22d. 

A little riool: called Foilhummeram Bay was selected 3S the 
scene of operations. It is a cove in Valentia Harbour^ about a 
mile long, and tapering in width from half a mile to a mere 
creek, having a sandy bottom, and bounded inland by high cliHs. 
On the cliff had been built a temporaiy wooden telegraph-house, 
full of apparatus of various kinds for testing the cable in connec- 
tion with the land-wires. Along the beach, and up the face of 
the cliff, was dug a trench or trough, in which the thick shore-end 
of the cable was to be laid. What the peasantry in the neigh- 
bourhood thought of the sceae, not even they themselves could 
!sy; they seem to hav'C had a sort of vague idea that the cable 
was to carry them over to America, whiUier so many of their 
countrymen had emigrated. 

Hitherto we have derived our information from i-arious 
scientific sources ; but now we must rely on Dr W. H, Russellj 
who, invited by the several companies, witnessed the whole 
of the subsequent operations. His vivid description 13 con- 
tained in a splendidly Ulustiated volume published by Messrs 
Day and Son, the coloured plates of which were engraved from 
drawings by Mr Dudley. We will present the results day by 
day, in a more condensed foim. 

July 21. — With the HaWk, Cnroline, Alexandria, aod Advice, 
at Foilhummerum, and the Griat Eastern, Terribfc, and Sphinx 
in Eantry ^y, a subsidiary ' earth cable' was carried down the 
face of the cliff, and in the trough along ihc beach to the sea. 

July 32. — The Carolim being anchored a little way out, the 
great or shore cable was hauled out from her, and carried <>vtr 
twenty-five boats to the shore, and so up the cliff to the telegraph- 
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Jiouse- Tilt; Knight of Kerry, in the midst of a numerous 
.assemblage at the house, welcomed the receipt of the extreme 
end of the cable, and expressed a belief that ' there never had 
"been an undertaking in which, not to speak disparagingly of the 
commercial spirit and the great resources and strengdi of the 
land, that valuable spirit had been mixed up with so much that 
is of a higher nature, combining all the most noble senti- 
ments of our minds, and the feelings intended for die mast 
beneficial purposes, which are calculated to cement one 
universe, I may say, with another.' And then Sir Hobert Peel, 
the Irish secretary, added : ' We are about to lay down, at the 
very bottom of the mighty Attantic, which beats against your 
shore with everlasting pulsations, this silver-toned zonej to join 
the United Kingdom to America. Along that silver-toned zone, 
I trust, may pass words which will tend to promote the com- 
merce and the interest of the two countries ; and I am sure we 
will offer up our prayers for the success of an underttikingf to the 
accomplishment of which persevering industry and all the 
mechanical skill of the age have been brought to bear. Nothing 
has been wanting in human skill ; and therefore, for the future, 
as now, let iis trust that the hand of Divine Providence will be 
upon it; and diat, as the great vessel is about to steam across 
the Adantic, no mishaps or misfortunes may occur to imperil or 
obstnict the success of the work which has now been so happily 
commenced.' And then, at two o'clock, off went the Caroline, 
olowly and carefully paying ont the bulky shore-end cable^ 
finishing her work at a distance of 26 miles out, in 75 fathoms 
water. 

Jtily 23.— The Great Eastern, Terrible^ and Sphinx had come 
round from Bantry Bay ; and then was executed die operation 
of splicing the shore-cable with the main cable^tliis bemg done 
on board the Caroline. Everything being in readiness, the 
Splice was dropped into the sea. ; and the Great Eastum started 
on her grand enterprise, exchanging hearty cheers with all the 
other vessels. The personnel of the ship had been carefully 
attended to. The Atlantic Telegraph Company west te^i^^ 




Telegraphs. 

senled by Mr Cyni5 Field, Mr Varley, and Professor W, 
Thomson ; the Telegraph Constniction and Maintenance Com- 
pany, by M.. de Sauty, Mr Canning, Mr Clifford, and Mr 
Willoughby Smith 5 and the Great Ship Company, by Mr 
Gooch, Captain Andefson, and Lieutenant Moriarty — each of 
these gentteitiea having duties exactly defined, so as to obv-iate 
the possibility of conflicting responsJbihties. Mr Glass remained 
at Foilhuinmerum, to superintend the operations at the telegraph- 
house. A plan had btca agreed upon to exchange electric 
sigTials et'ery hour bctivecn the ship and the shor-e, and to keep 
up au incessant system of electric testing night and day, in 
order to detect auy the smaHesl interruption in the continuity of 
the current A large number of persons were on board \ but io 
order that the proceedings might not be interrupted by idlera 
and mere sight-seers, every person had some particular office to 
lill or duty to perforra^Dr Hussell that of historiographer or 
literary recorder. 

July 24, — Troubles began very seon. At tliree in the 
morning, the delicate apparatus pointed to something wrong in 
the cable, when S4 miles out ; guns were fired to signal the 
Terrible and S^kinx to stay their course ; and the feres were 
lighted of tft'D small steam-engines to work the pick-up apparatus. 
Where the fault lay, no one could tell ; but the experiended 
electricians on board had their theories about it. Nothing 
could be done until the poor cable was hauled in again, yard 
after yard, until the faulty spot was discovered. It was dedicate 
work. The cable was cut, and the end secured to a strong iron- 
wire rope ; the ship was turned with her head to the east ; the 
rope was transferred from the paying-out apparatus at the stem 
lo the pick-up apparatus at the bows ; and the ship steamed 
slowly back towards the Green Isle. Meanwhile, as the cable 
was not qiiik dumb, a message was sent to Mr Glass at Foil- 
hnmmerum, requesting him to send out the Hawk; to whicit 
message he responded. Lat. 52° 2', long. ia° 17'. 

/ufy 25, — There had not been much rest fot the officials 
during the night; for they had to haul in tnUe after mile, at the 
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rffte of a mile an hour, and djd not know what tale the cable 
mtglit have to tell them. The big ship picked up the cable as 
delicately as 'an elephant taking up a straw in its proboscis.' 
When ten miles had been hauled in, tlie injured part was 
discovered ; the offender consisted of a piece of wire of tlie same 
kind as that used in the sheath, hvo inches long, Ijent in the 
middle, and forced through the gntta percha to the copper 
conductar. How it got there, no one could tell. 7\jiother 
silencing of the cable occurred On the same day ; but the 
wonderful cord recovered ib speech ivithout another in-hauHng. 
The splice was made, the mighty ship was turned with her head. 
to the west, the pict-np machinery was abandoned, the paying- 
out machinery was resumed, the Hawk returned to Ireland 
with letters after 3. btief companionship, the Terrible signalled 
her congratulatioDS that all was well, and the Great Eastern 
again steaQ;ed on slowly towards Newfoundland, paying out as 
she went. LaL at noon, 51° 5S', long. 12" 11'; 66 miles straight 
distance, 74 miles paid out {which always greatly exceeded the 
distance actually run by the ship, and still more the straight-line 
distance as measured on a chart). 

July a6. — Steadily the mighty ship went on, caring little for 
the waves of the Atlantic ; while the Terrible and Sphinx rolled 
and pitclied considerably, in their assigned duty of taking 
soundings- The ships had passed over a grand submarine 
mountain slope, the depth of water increasing from 200 to 1700 
fathoms ^ithiin a very few miles. At the greatest of these 
depths, it was supposed that tlie cable did not touch the ground 
at less distance than two miles from the ship ; it may therefore 
be supposed that much care n-as requked to prevent the snap- 
ping .asunder, seeing that the so-called ' cable ' was after all very 
little more than an inch iu thickness. The Sphinx puffed and 
blowed to keep up with th^ Grml JLnsier/i, but the latter went 
steadily on her way rejoicing. Lat at noon 52' 19', long. 15' 
lo^j 180 miles di^stance, rga miles paid out, 

Jn/y 27. — All went on so pleasantly that, to use the words of 
Dr Russell, ' the conviction grew that the work was nearly 

9 



Tdegraplis. 

accomplished. Some were planning out journeys through the' 
United States ; others speculated on the probability of sport in 
Newfoundland : the date of our arrival was already detertmncd 
upon. The sound of the piano, a tribute to our own content- 
ment, rose from the saloon ; and now and then the notes of a 
violin became entwined in the melodious labyrinth through 
which tlie amateur professors wandered with uncertain fingers. 
The artists sketched vigorously. Men stretclied their !eg! 
lusrily along tiie decks, or penetrated with easy curiosity for th 
first time into the recesses of the leviathan that bore them.' 
Lat. at noon 52" 34', long. 19° I'j 320 miles distance, 35 
miles paid out. 

July 28. — So smooth and successful that there was almost a 
monotony in the comfort The black hull of the Terrible was 
near at hand on the port beam ; but the Sphinx quite distanced, 
and out of sight Lac at noon 52"^ 45', long. 23° i6';476m 
distance, 532 miles paid out. 

July 29.— Troubles enough were now at hand to prevent 
monotony of sncce^. The electricians found wliat they 
'dead earth' — that ia, an utter stoppage of electric current 
through the cable. The ship was stopped, the tests wi 
applied, and the fault was found to be not far from the shtpt 
The old saddening routine had to he resumed — paying oul 
stopped, ship reversed, and hauling En commenced. S!owly tha 
cable reappeared on board, until, shortly before midnight, the 
faulty portion came up, to be examined at leisuTE. Lat. at noon 
52° 38', long. 27° 40'; 635 miles distancej 707 miles paid otitj' 
aooo fathoms water. 

July 30. — Anxiously did the electricians speculate on tlie 
misbehaving portion of cable; but they postponed examination 
till next day, wishing to make a new splice and speed on. Th€y 
did so ; electric communication fl-ith Valentia i\ti3 restored, and 
the Great Eaiiern again steamed westward. Lat at nooa 
52" 30'j. long. 28* 17'; 650 miles; distance, 745 miles paid out. 

July 31, — -A jury of inquiry was held on the otfcnding bit 
cable, which had been cut gut from the rest for examination; 
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when lo ! a bit of iron wire was found driven so forcibly through 
the cable as to irnpress eveiy one ivith the opinion tliat it had 
been driven in by design, not accident Gloomy whisperings 
went around, and ' cable assassin ' was a designation for the first 
time heard. The tank-men vowed ■'L)Tich law' against any of 
their number (// of their number) who had done it ; and the 
gentlemen on board formed themselves into a volunteer guard, 
to watch the tanks night and day. LaL at noon ^2"^ 9', long. 
31° 53'; 793 miles distance, 903 miles paid out, The ship 
was now nearer to Newfonndland than to Ireland, having passed 
the half-way. 

Augtfst r. — A day free ttom disaster. The ship went on 
steadilyj paying out as she went. But those on board coiild not 
forget the incident of the mischievous bit of wire, nor certain 
hints as to predetermined mischief-malters ; and these hints were 
all the more unpleasant because their truth could neither be ■ 
proved nor disproved. Lat. at noon 51" 53', long. 36° 4'j 948 
miles distance, 1082 miles paid out 

Augiiit 2.— This day was the 'beginning of tlie end,' the 
commencement of the great final disrtster. In the midst of 
rather gloomy and rough weather, another stoppage of the 
electric current was perceived ; avid this was followed by another 
seiies of those disheartening laboujB, undoing what had been 
already done. Another piece of wire was found sticking in the 
,• cable, and destroying insulation ; and this presented such an 
appearance as led many observers to believe that it was part of 
one of the sheatli wires, broken and dislodged by accident 
Hence the 'cable-assassin' hj-pothesis now alternated with a 
'cable-suicide' hypothesis; many persons believing that the 
mischief was due to the cable itself, and not to external villainy. 
But worse than this was at hand. "While the Grgat Eastern was 
hauling in the cable mile by mile, a snap was heard, the cable 
had parted through excess of strain, and the end flew over the 
ship's side, sinking to the bottom in 2000 faUioms water! 'It 
was enough to mpve one to tears,' says the narratorj * and when 
a man came widi the piece of the end lashed still to ^t fisflMi, 
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:mrl shewed the tortured strands, the torn wires, the kceratefl' 
core, it is no exflggei5.tion to say, that a fcdmg of pity, as if it 
were some sentient creature which had been tlias mutilated and 
dragged asunder by bmtal force, moved the spectators.' \Vha 
a. task was thai whidi tile etigineers now undertook ! They ha 
to grrj[)c for the end of a cable down two niiLes and more in the 
depths of the ocean, and fish it ujj how they couii A grapnel 
Or five-armed anchor was fastened to the end of a strong fivi 
mile iron-wire rope, and tluown overboard. The sliip the 
steamed slowly across the line in which the cable was suppose 
to be lying on the soft sea-bottom, in the hope that the arms of 
the grapnel would catch hold of the loose end. These arms 
were, in fact, 'hooks TvHth which the giant Despair was goin, 
to fish from the Great Eastern for a take worth, with -all \\s 
belongings, more than a million sterling." No less than 2500 
fathoms of wire rope were needed to take the grapnel to tha- 
bottom. And so this weary day ended. Lat. at noon 51 
long, 39°; 1064 miles distance, and 1186 miles paid out 

Augttii 3. — Still groping and groping when the day dawned.' 
At 6 in the morning a sudden drag or pull led the engineers lu 
believe that the grapnel had caught hold of something; and iit 
the hope that this 'something' might be the cable itself, they 
began to haul up the grapnel again. If the wire rope had bcdl' 
in one piece, this might perhaps have been done; but it wns in 
pieces of 100 fathoms each, fastened end to end by iron shackles 
and swivels. One of these swivels broke, after several hours' 
labour; and grapnel as well as cable went to the profound deep, 
caityitig 1400 fatlioms of the wire rope with them. It was a 
bitter and gloomy moment, and a fog did not lighten their 
difficulties; but all hope was not yet gone. Another grapnd, 
was fastened to another length of rope ready for using, and thei 
another groping by a passage of the great ship to and fro o 
the spot where the cable was supposed to lie. 

August 4.^ — Fog and despondency were poor companions with 
which to begin the day. At noon the ship was believed to be 
46 miles eastward of the end of the cable, and in 2300 fatlioms 



I 

eM 
of^ 

its-^n 

t 
I 

n4^j 



Tkc Cable Failure -j/ 1S65. 



293 



water. A large buoy, painted red, surmounled by a blact ball, 
ajid this by a red flag, was fixed to a strong timber raft, and 
nttached by a sufficient length of cable to a mushroom anchor; 
it was thrown overboard in !at. 51° 28', long. 38* 43', as near as 
could be guessed to the spot where the grapnel rope had 
j Jiarted. This buoy ' No. r ' was to serve as a guide. 
, August 5, — More fog, and great difficuhy in getting tlie ship 
in the desired direction. No astronoraical observations could 
be made ; and as latitude and longitude were uncertain, no one 
knew whether the ship was really passing over the imfortunate 
lablc or not. It was as m«ch as the Great Eastern and the 
Terribli could do to get a glimpse of the little red flag of the 
buoy once now and then. 

August 6. — Sunday, and a very gloomy one — fog, misf, rata, 
drizzle; and the mighty ship trying to get into and keep in a 
proper position for the search. But as buoy and sun were 
alike invisible, no one could tell when the proper moment would 
arrive for tlirowing the second grapnel overboard. It was a sore 
trial to the temper and firmness of all. 

August ;. — The buoy coming again within siglit, flie second 
grapnel was heaved overboard about noon, and then the Great 
Eastern began her strange operations of groping. At six In the 
evening^ the grapnel seemed to grasp hold of something; and 
again the hauling up was resumed, to be continued for hours, 

August S. — Another raising of hopes to be followed by an otlier 
disappointment. About a mile of wire rope was liauled up, 
when a Swivel gave way, as in the former case ; and there went 
to the bottom a mile and a lialf of wHre rope, the second grapnel, 
and (as was reasonably supposed) tlie precious cable itself, the 
object of so much cost and anxious care. Buoy No. 2 -was 
at once lowered, with 2500 fathoms of wire rope, to denote the 
spot; and then the engineer prepared for One more attempt 
to grope for the hapless cable at the bottom of the deep 
uceau. 

^ August g. — Carpenters and smiths preparing a third grapnel, 
^H seamen managing the Grmt Eastern in a sea that was becoming 
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very rOugh and stormy, and officers trying to determiue lJi< 
exact locality under adverse circumstances— so passed the day. 

Aiigtiil lo.'^The buoy having been found, and a position 
taken up, the third grapnel was cast overboArd, and the Grt<^ 
Eastern steamed or rather drifted along ^owly, to enable th^ 
grapnel to catch hold of the migsiiiig cable. 

August ir. — The final struggle — die last act of tiiis imprer 
dented drama. The grapnel having shewn signs of weakness 
was raised and readjusted, and again lowered with aJl thfl 
remaining wire rope which the ship contained. Again the 
grapnel grasped the cable, again the grapnel rope was raised, 
again it snapped before the cable itself came to the suriace. 
All was over; there was no more rope left for experimental 
trials ; die cable was left to rest with its predecessor, at the 
bottom of the Atlantic ; and the Great Eastern returned with 
her mouinful message to Ireland, which she reached August 17. 

The history of engineering enterprise scarcely presents a^^ 
parallel to this alternation of hopes and fears — this, fishing fot^f 
somediing that lay two miles deep in the ocean — tliis thrice^^ 
grappling, thrice partial raising, and thrice losing di the mysterions 
cable. The heroic men, on board the Gnat Eastern scarcely 
knew what sleep was. They watched and worked night and 
day, trying to avoid accidents, seeking to discover them as 
soon as made, tndeai'ourbg to ascertain how they had arisen, 
devising modes of cure, and applying the cure as rapidly as 
possible. It was mental discipline of a high order, but it imposed 
a severe tax on the sen.5es and the bodily powers. 
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In" the autumn of 1S65, the directors of the Atlantic Telegraph 
Company had the self-same question to answer which had con- 
fronted them in the autumn of 1S5S — Should they succumb to 
their troubles, or adopt the course recommended in the school- 
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song, *Try again?'' They were not long in deciding. They 
knew that 4000 miles of cable were now lyicg silent and 
useless at the bottom of the Atlantic; they knew that unless 
something were done, the cable must there remain, as 
valueless as so much sea-weed- But ihey knew also the 
latitude and longitude of the spots where the two cables had 
been abandoned; and their scientific advisers, trusty men all, 
declared that the difficulties were surmountable — by greater 
care in the construction of the cable, by improved pick-up 
machinery, and by placing this machinery ia better rektiou 
with the paying-out apparatus. 

In October iSfis, tlie directors of the company announced an 
intention to raise new capital, and renew tflC: Operations in 1866 j 
but at the same time it was rendered abundantly clear that 
an enonnous preference dividend of no less than la per cent 
would be needed to induce capitalists to supply the money. 
Even this temptation was not strong enough; and it was not 
until March 1866 tliat the financial arrangements wete effec- 
tually made. The plan was a remarkable one. A new company 
was formed, the Ang/e-Amerkan Tdfgraph Company; this was 
to bear such a relation to the old Atlaniu Tdegraph Company, 
tliat if the cabledayiny should be successful in 1866, a large 
preference dividend should be paid to the former before any 
dividend to the latter. The new company raised ^600,000 to 
make a new cable, and to try to recover and utilise the old one. 
The Tdcgtaph Comtrttdioii and Maintenance Company undertook 
the work— to receive ^500,000 for the new cable, whether it 
succeeded or failed, or j^6oo,ooo if it succeeded, or ;£'/37,i4oif 
both cables, old and new, came into successful working-order, 
A fourth company, the Gimi Eastern Ship Company, tigreed to 
lend and work their ship for a certain period for the sole duty 
of cable-laying, a£ a stipulated price. Thus four distmct jointr 
stock companies were required to work in harmony. As to liie 
ptohb if the cable should at last succeed, the projectors, were 
never thed of forming magni&cent estimates; in March iSGO, they 
spoke of a net profit of ^£'540,000 a year from one cable only 1 



2g6 



Telsgrapfts. 



A new cable was put in hand, slightly differing from the 
former one, but similar in general construction. Of a.tl the 
kinds tried by various companies,, and in various seas and 
oceans — outside wires varying from nine to eighceen in niimber; 
light wires and heavy wixes; vulcanised india-rubber to protect 
each outer wire; fine steel wires inside the giitta percha,; 
saturated hemp covered with a scale of copper or brass artnoiir ; 
a plait of mre and hempen cords; outside wires laid parallel to 
the core, and bound by a plaiting of hemp ; rattan canes instead 
of iron wires ; india-rubber combined with gutta percha for the 
insulator; &c. — the scientific advisers saw nO reason to adopt 
any that would depart greatly from the plan of 1S65, The 
paying-out and haulingin apparatus were ordered to be 
remodelled and perfected ; and everything that skill could 
suggest and money purchase was directed to be provided, in 
order that anotlier attempt raight be made in the siimmer of 
1S66. A13 through the winter were they busily engaged — 
twisting the copper wires to form the central conductor ; covering 
this with several alternating layers of gutta percha and Clutter- 
ton's compound to form a core ; wrapping this core round 
ivilh a jacket of jute Or hemp ; covering iron wires, witli strands 
of hemp ; and coiling ten of these covered wires round the jacket 
or padding to form an external protector. As compared with 
the cable of the preceding year, this new one of 118.66 had the 
iron wires galvanised instead of being left plain; Manilla hemp, 
left white instead of being tarred, covered these wires ; and the 
fibrous jacket between the core and the outer shield or protector 
was made of hemp instead of jute. These changes, slight as 
they were, improved the cable ; it weighed nearly 500 lbs. per 
mile less, chiefly through the absence of tar ; while its strength 
or breaking strain was increased more thaa jq per cent It was 
a great effort of manufacturing, assuredly: seeing that, to make 
a new cable, to supply the deficiencies of the old one, and 
to have a surplus for slack and all contingencies, there woidd be 
required 2730 miles-— nautical miles, loo, which exceed English 
statute miles nearly as 7 to 6. 
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Everybody worked on with good heart. The grand ship — 
which lias never succeeded in anyLhing except of a grand Tiature. 
and is fitted to achieve results which ivould be mipossible mth 
any other vessel — was thoroughly cleaned and scoured inside 
and out, the tanks made worthy to receive the cable, the 
stern-end niachinery fitted to pay it out, the bow-end macltinery 
fitted to haul it in in case of mishaps, and the engines brought 
into the most perfect obedience to the commacds — ' Go an 
ahead!' 'Ease her!' 'Put her astern!' 'Stop her!' and all 
those other orders which ' she,' the ship, the lady of the sailor- 
miud, is expected to receive so submissively. And with regard 
to the trappings and apparatus to aid in submerging the cable, 
everything was brought to the most surprising degree of 
completeness. The smoothly working wheels and grooves to 
conduct the cable over the stem of the vessel ; the so-called 
'crinoline' which the Great Easfgnt wore (finothcr feminine 
attribute of the ship) in die shape of a whe-work cage, to 
prevent the friction of the cable ; tlie buoys which were to serve 
as floating signals when wanted ; the stout ropes and grapnels 
likely to be wanted for raiding the cable of 1365 — all were 
as complete as money a.ud ingenuity could mal;e them. The 
clectri<!al itniirovemeiits were even greater than the mechantcai, in 
luakiug the sensitiveness of the copper conductor far greater than. 
had ever before been known. A writer in the Times^ describing 
the state of mattera, shortly before the start of the expedition, 
said ; ' Out of the failure of 1S65 has come some good ; for in 
the interim the science of makings testing, and laying cables has 
so much improved, that an Tjndetected fault in an insulated wire 
ha-s now become literally impossible; while so much are the 
instruments for signalling improved, that not only can a slight 
fault be disregarded if necessary, but it is even easy to work 
through a submarine wire with a foot of its copper conductor 
stripped and bare to the water. This latter result, astonishing 
as it may appear^ has actually been achieved for some days past 
with the whole Atlantic cable on board the Great Eastern. 
Out of a length of more than 1700 miles a coil has been taken 
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from its centre, the copper conductor stripped clean of its 
losuJatioa for a foot m length, and in this coodition lowered 
over the vessel's side till it rested on the ground. Yet, tlirough 
this the clearest signals have been seat — so clea.r, indeed, 
as at one time to raise die question whether it would not be 
worth while lo grapple for the first old Atlantic cable (1858), 
and, with these new instruments working gently through it for 
a year or so at leasts make it pay its cost.' 

The conductivity of die wires had by this time been so exacUy 
calciiJated, that electricians announced : ' The resistance of a cort- 
duclor is directly proportional to its length, and inversely to its 
thickness;' tba.t Hlie number of signals practicably perceptible ^1 
in a second, varies inversely as the square of the length of the ^| 
cable;' that 'the usefu]_ limit will be somewhere between one ^^ 
signal and Uventy-five signals per second, according to the per- 
fection of Uie apparatus and the length of the cabfe;' that, 
owing to improvements in th-e means cmployeil, ' thrice as many 
words can be signalled in a givHi time in 1866 as were practi- 
cable in ]S5Sj' that * there are sixteen signals on an average to 
a word j' that 'sis or seven such words can be sent in a minute;' 
and that, owing to the wonderfully insulating quality of the sub- 
stance with which the copper wire is coated, Mt is a hundred 
and fifty times more difficult for the electric Current to escape 
sideways through the gutta percha into the water, than to go all 
the way and back again tlirough the wire.' And diis marvellous 
sensitiveness had been further, shewn by the instruments 
employed at Valentia. The cable of 1865, immersed as it was 
(aU except a bit at one end) m the ocean, was nevertheless 
subjected to constant tests during the winter of 1865—^6, to 
see whether the electiic conditions remained intact; it w;b 
found that ma^ctic Storms and electric disturbances out in. the 
wide Atlantic sent notice of tbe:ir existence in a solarising way h 
through the c^ble. ^| 

All being ready, the Grmt Eastern started with her costly 
scientific treasure, a treasure which had had so much wear and 
tear of body and raiud bestowed upon it She was to have 



Tke Cahh Triumph e/ iS55. 



299 



I 



companions out on the broad Atlantic, but from England she 
started alone; leaving the Nore on tJie 1st of July, and arriving 
on the 5tii at Berehaveu, a beautiful harbour some short distance 
sDiithward of Valentia. Hqre she rema-ined quiet while pre- 
parations were making for tlie cable. She conveyed representa- 
tives of all the compames interested in the adventure; together 
with numerous scientitic and practical men to whom the nautical, 
mechanical, and electrical arrangements were subjected : such 
as Captain Anderson, Commander Moriarty., Mr Halpen, Mr 
Canning, Mr Clifford, Professor Thomson, Mr Willoughby 
Smith, Mr Varley, Mr Latimer Clark, &c. The great ship was 
also well provided with stores of every kind. On the voyage 
from the Nore to Ireland, a comic drama was got up and 
enacted, to while away an evening or two ; and, in accordance 
with a habit very much indulged in at the present day, this 
drama took the fonn of a. burlesque — the cable itself, and those 
concerned in it, being made subjects for puQs and other light 
artillery. 

Four other steamers, the T£rribh{zx-^i\ war steamer), IVLUiam 
Corry (isoo tons), Albany (1500 tons), and Meduiay {iSoo tons), 
were to take part in the operations. To the second of these 
was intrusted the duty oflaying the massive shore-cable (nearly 
seven inches in circumference), intended to bear unharmed the 
friction of the beach and shallow ocean-bed for a few miles out 
There were tliirty miles of this Cable, weighing more than eight 
tons to a mile, or two hundred and fifty tons altogether; and 
the H-lNiam Corry, assisted by numerous boats and men, 
succeeded in laying the cable from the dry beach to a distance 
of nearly tJiirty miles out at sea; the land-end was then 
drawn up the clitf, and brought into the wooden telegraph- 
house at Foilhumroenim. All else had their allotted duties. 
The Terrible, lent by the Admiralty for this service, was a sort 
of majestic guardian of the expedition, a representative of the 
British sovereign ; she also took soundings. The Malway 
took out three or four hundred miles of the (unused) cable of 
1865, and also nearly a hundred miles of massive cable to be 
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.sunk behveen the island of Newfoundland and the mainknA 
All the ships w^ere well provided "n-ith grapnels, mooring ancliors, 
andbuoys— the first to catch (perhaps) at the poor cable of i86g; 
and the mooring anchors and Luoj's to identify localities in the 
wide-spreading ocean. The grapnels were of three kinds — the 
ordinary five-pronged, to hook hokl of the cable on the sea- 
bottom ; tJie holding grapnel, to lock the cable in one of the 
prongs so firmly that it Camiot escape; and die cutting grapnel, 
having a sharp edge to each prong, so placed as to sever the 
cable if" necessary. Msny miles of rope, formed of galvanised 
iron-wire strands bound round thickly with Manilla hemp, were 
provided, to lower these several kinds of grapnel to the bottom 
of the sea when occasion required. The grappling apparatus 
was distributed among all the ships, in order that simultaneous 
attempts niiglit be made at different points to raise the cable of 
1S65, or die cable of 1S66 in the event of any mishap occurring 
loit 

And so, on the 13th of July, off they set The Great Eastern 
came round from Berehaven, not to Valentia, but to a position 
neariy thirty miles out ; there she took up the seaward end of 
the massive sliore-cable, and spliced it to the end of the main 
cable itself. Then with cheers of ' God-speed !' from those on 
board the WfUiam Corry (the duties of this ship having ended), 
the mighty Great HasUru steamed forth, with her companions 
the Terrible, Medway, and Albany. The electricians wtzz the 
most Confident of all the scientific mea engaged in the work ; 
for, in the telegraph-house at Foilhumnierum, they could actually 
tell when the Wiitiam Corry was rolling, when pitcQiing, and 
^vhen on a level keel, during her voyage out with the thick shore- 
cable to the thirty-mile distance; the cable itself, by minute 
changes in the galvanometer, told the tale. 

Ob the afternoon and evening of the 13th, and during the 
succeeding night and morning, the Great Easlern went on 
steadily, paying put the cable over the stern, free from all 
entanglement or difficulty : insomuch that, by noon on the 14th, 
sJjc had submerged 116 knots or nautical miles in a straight-line 
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distance of 108 miles. In 1S65, jn order to keep dear '■of 

mischief, the cable had been laid (so far as It was laid at all) at a 
few miles distance from that of 185S (still lying sleepy at the 
sea-bottom) ; and now it was arranged that the cable of iS65 
should keep clear of both ; in fact it was about midway between 
them — the three cables being nearly parallel. On the evening 
of this day, the 14th, die cable broti[,'hl a message from Valentia, 
which had received it from London, which had received it from 
the Continent, announcing war news from Germany and Italy, 
The operation illustrated one qI the many marvels of electricily ; 
fpr the Great Easlcrn was moving onwards at the time ; the 
telegram travelled after it through the ocean, climbed up through 
the cable into the ship, and told its story to the galvanometer. 
Electricity outran steam— and laughed. During the next twetity- 
four hours, fro:« noon on the 14th to noon on the i5di, the ship 
paid out 139 knots in 12S miles distance ; and in the next period 
of equal duration, theae quantities were 137 and 115 miles 
respectively. Although the depth was now gradually reaching 
two thousand fathoms, messages were sent to and from Valenda 
all day long; in fact the telegrams were aC the more clear the 
deeper they went. The cable hitherto paid out had been the 
surplus portion remaining from the expedition of 1865 ; but this 
being now exhausted, a splice ivas made with the new cable, and 
operations went on iis before. The sea was so good-naturedly 
smooth on this day (the 17th} that the splicing was doue as 
effectively as if oq shore. The noon calculation told of 138 
knots paid out in iiS miles straight distance, in the twenty-four 
liours (ship days are reckoned from noon to noon, rather than 
frgm midnight to midnight). The 1 8th was a day that set active 
fingers and wits, to vvork; for the cable in tlie tank, through some 
mishap or other, got several hundred feet of its length into what 
children would call a ' tangle,' knotting and coiling up in a very 
inconvenient and perilous way. If this tangle had reached the 
paying-out apparatus, a breakage would have been inevitable ; 
the ship was dierefore stopped, and the paying-out machiner)' 
also ; the tangle was de.xterously disentangled, and all went well 
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again. It was one of the incidents which tended to shew that, 
however smoothly tTie enteqjrise wag progressing, constant 
wfltchfnlness would be needed. Captain Anderson and Com- 
mander Moriarty. meanwhile, took care that nothing should be 
wanting in the way of good observations and reckoning; their 
noon report told of 125 knots paid out in 105 miles distance, as 
tiie day's work. 

On they went, the four ships, day after day: the Terriilg, 
Midway, and Ail/any having little other to do than cocgratalate 
the Grtai Sasiern, through their flag-signals. On the 19th (139 
knots submerged in 122 miles), the Great £ar;'«7MTiaintained 
her usual speed of something under five knots an hour^ — a speed 
considered to be more safe and judicious than the higher rate 
adopted in 1S65. The aoth brought them a little rough weather, 
bnt not sufficient to prevent them from getting rid of 137 knots 
of cable in 117 miles distance. On the 21s): they did 136 (in 
123 miles) ; and on the 22d, when she passed over die deepest 
part of the Atlantic between Ireland and Newfoundland, the 
Great Eastern submerged 133 knots in a straight-Hne distance 
of tai. Then, again — with 138-121 knots on the 23d, and 
135-121 on the 24th — the ship afforded evidence of the steadi- 
ness of her progress ; especially observable in the near approach 
to equality in the actual distance nin On successive days. 
Somedmes clear starlight; sonaetimes murky weather ; but it made 
very little difference to the progress of the ship. On the 25th, 
the portion of cable contained in the fore-tank was exhausted ; 
the sea had swallowed it all; and now a splice was made with 
the end of the cable in the after-tank. When the splice was 
made, messages could be sent to and from Valentia just as 
clearly as if it were whole unjointed cable. This day told of ■ 
130 knots in 1 1 z miles distance. Thoughts were now vcty busy flj 
in reference to Heart's Content in Newfoundland. The ship 
was less than three hundred miles from that harbour; all appre- 
hension of disaster had been dismissed; and the means were 
now wanted for guiding the mighty ship into hi;r haven of safety. 
The three other ships were told to go aliead, and tell Hearths 
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Content that 'all was well.' On the 26th, in so little as a 
hundred and thirty fathoms water, the day's work (noon, to noon) 
was 134 knots in 12S miles ; and on the afternoon and evening 
of that day the soundings shallowed so rapidly as to tell all on 
board that they had virtually crossed the Atlantic, bringing over 
the new cable without a single necessity for using the buoys, 
grapnels, mooring chains, or hauling-in apparatus. Moreover, 
the quantity of ^ slack ' or waste of cable, due to deviations in 
the straightness of the route, had been much less than in any of 
the former expeditions : to that extent insuring both economy 
and efficienc)'. 

The ringing of bells, the firing of cannon, the waving of flags, 
and other 'demonstrations of joy, shelved what the small com- 
munity at Heart'* Content felt when, on the sjth of July, they 
saw the great ship enter the harbour. The news of her near 
approach had before been made known, and the smoke from her 
funnels was looked for as soon as dawn broke On this auspicious 
day. The Ta-ribk, the Albany, the Medtvay, together with 
H.M.S. Niger, and several trading: ships, were ready to receive 
the Great Kastern, and to gtiide her in safety by a line of buoys. 
As it was not necessary to bring the end of the cable to land, it 
was cut on board ship, and s-pUced to one end of the thick shore- 
cable (similar in character to the one used at Valentia). She 
had done her work nobly; and the Great £asicrn now had a 
few days' respite, preparatory to another part of the enterprise to 
be described pTesently. Her officers could have a little rest, 
and 2. little enjoj-ment of the holiday scenes on shore. 

On the 2Sth, the landing of the shore-cable commenced. 
The splice was submerged, and the shore-cable was borne on 
wes^vard by the Midivay, pa>'iug out as she went. When 
shallow water was reached^ the pinnace.s, cutters, gigs, and 
paddle-box boats gf tiie Terrible and other vessels vi'ere brought 
into requisition, to finish the work. And last of all, in the 
words of cue of the narrators : ' This part of the shore is fringed 
with huge boulders of rock, so tliat the boats could not get 
within twenty yards of the beach; but the TerribUs crew, 
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accompanied "by the leading cable men, under the orders of Mr 
Temple, jumped inlo the waler, and there was a hearty and 
animated struggle between them to see who should first bring 
the cable on i^horu.' The population of Heart's Content is 
stnal] ; but almost every one was on the beach, besides thri 
directors of the Company, who had come from London. The 
end of tlie cable was carried carefully to a telegraph-house 
erected near the beach, where the requisite instruments for 
testing and signalling had been provided. Great was the joy of 
all when the cable spolte; signals were sent to and from Ireland 
with ease and precision. Mr Gooch, among other.s, was at 
Heart's Content; Mr Glass, among others, was at Valentia 
and the following telegram was speedily sent by Mr Gooch, 
be forwarded to the Secretary of State for the Foreign Depart- 
ment ; ' Mr Ggoch has the pleasure to inform I-ord Stanley that 
the Newfoundland shore-end of the Atlantic cable was laid t 
day, and the most perfect crommunicatioa established between' 
England and Ati^erica, God grant it may be a lasting source of 
great benefit to our country.' Speedily was sent off a muirh 
longer telegram to Mr Glass, who, as managing director of the 
company by whom the cable was made, had ample reason to 
desire the success of the great undertaking : '' Onr shore-end 
has just been laid, and a most perfect cable, under God's 
bles.*iing, has completed telegraphic communication between 
England and the continent of America. I cannot find words 
fully to express my deep sense of the untiling zeal and the 
earnest and cheerful manner in wliich every one on board, from 
the highest to the lowest, have performed the aiixJous and 
arduous duties they in their several departments have had to 
perform. Their united energy and able and watchful care, night 
after night for the period, of two weeks required to complete: 
this work, can only be fully understood and appreciated by one 
whOj like myself, has seen Xx. All have faidifully done their 
duty, and glory in their succc.ss, and Join with me in hearty con- 
gratulations to our friends in England who have in ■\'arious ways 
laboured in carrying out this great work.' 
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In this year, as in 1S5S, royalty shewed its appreciation of 
the grandeur of the fact achieved. Nearly the first message 
transmitted outward, from the Old World to the New, was from 
Queen Victoria lo President Johnson : 

' The QiJ-Fffi, Osborne, tif She Prcsidmt of the Umied States. 

' The Queen congratulates the President on the successful 
completion of an undertaking which, she hopes, may serve as 
an additional bond of imjon between the United States and 
England.' 

Some little management was required in fonvarding this 
telegram, owing to the imperfect state of the cable submerged 
from Newfoundland to the mainland of America. Captain 
Bruce, in H.M.S- JVJger, took charge of tlie message, and 
conveyed it to a point where tlie land-wires flashed it onwards 
to Washington. It was anything but lightning speed ftom 
Heart's Content to the mainland. On the 30th, the President 
sent off his reply, which reached Heart's Content at 3.42 p.m. 
on the 31SL 

' 7%e Executive Afamioii, Washingicn, 11.30 A.w.,yw^ 30. 

' To Her Majesty the Queen of the United Kingdom of Great 
Britain and Ireland.— The President of the United States 
acknowledges with profound gratitude the receipt of Her 
Majesty's dispatch, and cordially reciprocates the hope that 
the cable that now unites the eastern and western hemispheres 
may sen^e to strengthen and perpetuate peace and amity 
between the government of England and the republic of the 
United States. Andrew Johnsqh.' 

The fonvarding of this telegram to its destination was a 
remarkable achievement ; the message, as we have said, was 
received at Heart's Content at 3.42 p.m.; and at 5.0 p.m., 
or in about an hour and a quarter, Mr Gooch received inti- 
mation that it had reached the Queen at Osborne. About an 
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hour and a quarter had sufFn;ed to spell out the message letter 
by letter, send it through ihe cable to VaEentia, across Ireland 
to Dublin, across the Irish Sea to Holyhead, across Wales and 
England to Hampshire, across the Solent to the Isle of Wight, 
and aJong a portion of the island to Osborne ; and then to send 
an acknqwledgmerjt back through the same intricate route. It 
was justly a marvel to the world, although electro-telegraphers 
are too much accustomed to marvels to think much of it. "Hk 
President and Mr Seward sent congratulatory telegrams to 
Mr Cyrus Field, as the representative of the Republic in, the 
enterprise; the Lord Mayor of London exchanged greetings 
■with the Mayor of New York ; and a very characteristic trans- 
mission of congratulations took place between two civic digni- 
taries who had not only an ocean btit a continent between 
them: 
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* Franklyn, Mayor y Vatic&uver, July ^i; to the Zerd Mayor e/\ 

London. 

' The infant colony, Vancouver, eight tho^lsand milts distant, 
sends telegraphic cordial greeungs to Mother England.' 

The Lord Mayor took upon himself to answer for Britannia io 
the following terms : 

'Mother England acknowledges the cordial greetings of her' 
son Vancouver. May peace, good-will, and unanimity unite and 
prosper our happy family.' 



It was now pos.sible to send a telegram from San Francisco 
to Ceylon, across tl:<j three continents of America, Europe, and 
Asia, and across tJie Atlantic and Indian Oceans; indeed, this 
was actually done from San Francisco as far as BoiDbay, veiy 
soon after the catle was laid. Commercial telegrams — by 
which the vast cost of the whole work is eventually to be 
defrayed— were speedily commenced ; and English merchanls 
knew the prices of Chicago ilour, ' bowed Geotgia,' 
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Cincitmati swine almost as soon as the New York merchants 
themselves. 

The partners in the expedition separated early in August, 
some to assist in lajiDg a new cable from Newfoundland to the 

mainland, some to achieve a work which is nest to engage our 
attention. 



§ XIV. RECOVERY OF THE '65 CABLE. 

It will be remembered in what state the cable of 1865 remained. 
Eleven or twelve hundred miles of it successfully laid, disaster 
had then overtaken it; and there lay the poor shattered thing at 
the bottom of the Adantic No, not shattered, only severed at 
the one end ; for the electricians had the fullest reliance that the 
main portion of it was as sound as eveij the copper acting 
properly as a conducjarj the gutta percha as an insulator. The 
difficulty was, nqt in getting the cable to work electrically, bat 
in finding and raising the end which lay bathed in two thousand 
fathoms or more of water. Speaking of the breakage and sink- 
ing of submarine cables, a writer in the Thnei remarks : ' Such 
an accident in the beginning of submarine telegraphy was sup- 
posed to be fatil and irreinediable, even if it occurred in Only 
three hundred? fathoms water. The science of laying cables, 
however, has progressed with a rapidity almost commensurate 
with electricity itself; and within the last ten years, cable after 
cable has been huscd for repair from such gradually increasing 
depths that now a thousand fathoms is considered, comparatively 
speaking, shoal water in which to grapple for a wire. Last year 
(1865}, after the cable parted, it was grappled successfully many 
times ; bnt, as the machinery Avas too weak, the cable was never 
brought to the surface ; and of com^e the fact of its ever having 
■ been catight at all was disbelieved. Messrs Canning aad 
I Clifford, however, were perfectly confident; and as their records 
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bear out their assertions, they were allowed lo make* proper 
machinery of their Own designing wherewith to raise the cable 
which was broken lasl year.' How they sped in their search, 
what fish Uicy brought up with their gigantic line and hook, we 
shall now see. 

Leaving the Great Easkrn to take la a fresh store of coals 
and provisions a.t Heart's Content, the Maiu<ay and the Albam 
started off on the ist of August, on their voyage of six or seven 
hnndred miles eastward, to the supposed spot where the end ot 
the '65 cable was lying- A buoy had been left to mark tlie 
spot, but twelve months' storms had driven this away; atid there 
was no guide but Captain Anderson's determination of the exact 
latitude and longitude. The ships were well provided with all 
appliances to begin the grappling, and to perfonn the earlier 
stages of the openniou which the Crcat Rasiern was to finish, 
On die 5th they were joined by die Terrible; and on the follow- 
ing day they reached the prescribed latitude and longitude. All 
traces of the last year's buoy had disappeared, as they had 
anticipated. A n(3w one, large and powerful, was thereupon 
moored just at that spot. On tha 7th the Albany lowered a 
large five-pronged grapnel at the end of a three-mile iron-wire 
rope ; the spot was three or four miles north-east of the supposed 
end of the cable; insomuch thai the Albany, by drifting slowly 
southward, would drag the grapnel over the cable itself, and. 
perhaps fish it np. On the Sth and two following days this 
operation, continued, drifting and dredging, hauling up and buoy- 
ing, .ind — finding noU^ng, Several times Uie officers oi the 
Albany surmised that the prongs of the grapnel had caught the 
cable, but the iiope was not reaHsed. All that the shijis were 
enabled to accomplish was to place floating buoys, moored with 
heavy chains, at the several spots where their fishing attempts 
had been made. , 

The presence of the Grmt Eastern was now needed. The'| 
mighty ship, after taking in three or four thousand tons of coal, 
steamed forth from Heart's Content, August 9 ; ran along 
swiftly on the lotli and nth, and sighted the companion-vesscla 
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on tiie lath. The naval officers and the engineers, after a brief 
conference, settled their plan, of operations ; partly to make' 
conibin'ed dredgings with the grapnels, and partly to keep watch 
over the signal buoys, any drifring of which would have serionsly 
disturbed the cable-fishers. There then ensued a series of 
operations very tiresome to those who had to conduct them. 
Sometimes tlie weather was so foggy that the seamen cou3d 
scarcely see a yard ahead; sometimes, even ivhen the fog cleared 
awayt the dancing floating buoys could not be caught sight of; 
sometimes tlie wind was too faint to carry the ship drifting over 
the cable ; and sometimes, again, an increased strain on the 
grapnel rope led to a fallacious hope tliat the prongs had grasped 
the much-w'ished-for cable. These trials of patience occurred 
on the 13th and r4th, and again on the 15th and i6tK There 
was really cause for believing that, on the last-named day, the 
cable was caught, and attempts were made to buoy it 5 but 
unfortunately the splice between the grapnel-rope and the buoy- 
rope parted, and down M'cnt the former — carrying grapnel and 
probably cable mth it to the bottom. To try again was the 
maxim and motto of all on board; the idea of defeat was 
scouted. Again was a grapnel lowered on the ijth- The 
position was evidently a good one ; the grapnel caught the 
cable ; the hauling-in apparatus was set to work, and — to the 
intense joy of all^ — -the cherished cable came up into sight, ihe 
veritable cable which no human eye had seen for twelve months. 
Bu-t, alas I while the eager officers and crew were looking over 
the bows of the ship at the recovered treasure, the rough weather 
caused the cable to disengage itself from the prongs of the 
grapnel, and down it went, dasliing once again the hopes of Mr 
Canning and his companions. Even this brief glimpse, how- 
ever, gave satisfaction to the electricians % for they observed that 
nearly half the circumference of the cable was untouched by the 
muddy ooze which had stained the other half; shewing that it 
had lain quietly on a smooth bed, neither sinking SO deeply into 
it as to be beyond the reach of grapnels, nor, on the other hand, 
exposed to any sharp edges or roitjh stones. There was a depth 
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of at icast two miles of water under.tlie ship, at the time wl 
this mishap occurred. 

Four ships sleaining about, soraeLimes looTting after buOys^ 
which had a tendency to break loose from their moorings in 
rough weather — sometimes dredging with the grapnels, and 
ancn asking each other by signals whether they had caught 
anything. It was a singukr scene, unUke anything that the 
world had before witnessed. After the mingled success and 
disaster on the 17th, the ships on the iSth were keeping a watch 
on the buoys. On the 19th, the Albany and the Great Eastern^ 
with grapnels do\Tii, both felt a tug as if the cable had! been 
caught ; concerning the Albany, there was a, doubt ; but all die 
officers in the Great Easttrn felt pretty certain that their catch 
was a real one. The grapnel was raised some 1300 fathoms 
or so, and was then buoyed in that position, to await a steady 
sea to complete tlie raising — a matter of much importance, 
seeing that the greatest hazard of some disaster or other occurs 
when the grapnel and cable get near the surface. Something 
wrong again occurred, and the 30th and aist were Spent in 
another battle mth the buoys and the grapnels. 

On the 22d the Teri-ible wished her companions adieu, and 
steamed back to Heatt*s Content, being too short of coals to 
remain loager out in mid-ocean. Signalling in plenty took place 
between the three remaining ships on the 33d, each exchanging 
hopes, fears, suggestions, and information with the -other two. 
There was constant running after the buoys ; when there was a 
good sea for grappling, the ships were not in a right position ; 
and by the time a right position had been attained, the sea 
became rough a^ain. So it was on the 24th, and SO on the 
45th. Mr Canning and his colleagues became a little downcast, 
seeing that the recreant cable had in some way or other eluded 
all their efforts. The buoys were even more troublesome than 
the cable, for they sometimes turned bottom upwards, and at 
other times drifted away altogether. On the 36th, after a hard 
day's dredging, the Gnat Eastern found that two of the prongs 
of her grapnel had been bent and injured, as if by dragging at 
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'large stone; and hence repairs were needed. The Albany 
really did book and bring up the cable this day; but it proved 
to be, not the main cable itself, but only a piece of it about two 
miles long, which had been severed from the rest by so many 
snatches and dislodgments. The electricians, however, were 
glad to see how fine a condition the old cable was in, ' There 
it was," said one on board, ' almost as fresh as when put down, 
twelve months ago — hemp and wire perfect Above all, the 
gutta pcTcha was as new in appearance as when it left the manu- 
factory in the City Rqad : a fact so important that, notwith- 
standing tlie disappointment which we all feltj we knew now 
that as an insulator it is practically superior to any, and that a 
cable once laid across tlie Atlantic may be looked upon as 
penrmnently secure.' The aSth and 29th were marked by other, 
bat equally fruitless, attempts to catch and bring up the real 
cable. The Tcrribk, short of coals, had departed ; the Albany, 
short of provisions, was obliged to take her leave likewise ; and 
the Great Hastcrn and Medway were left to prosecute their 
arduous and tedious labour. 

By Thursday the 30th of Aug^ist, the knocking about of buoys 
and grapnels had proceeded to such a length, that Mr Caiming 
resolved to go and search eighty or a hundred ntiles further to 
the east, where the cable had not yet been tampered mth by 
fierce-looking prongs. It proved to be a fortunate resolve. On 
the 31st a favourable position was reached, and a new grapnel 
lowered to a depth of T900 fathoms. Slowly the Gnat Easlern 
drifted and steamed athwart the line of cabte ; until, just before 
raidniglit, a strain oq the dynamometer seemed to shew that the 
cable was caught. Slowly and carefully during the night the 
grapnel was raised; and during the early hours of September j, 
all preparations were made to bring the precious cable tenderly 
on board — for the wise men settled unanimously tliat it was 
the cable i and they were right. The Malway caught the 
cable likesvise; and measures were taken that the two catches 
should contribute towards one end. 
Joy indescribable rang through the great ship on the ad of 
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September. The deed was done ; the cable of 1865 was brought 
Up on deck, and it 'spoke' with as much liveliness as if it iad 
been iranteraed in the ocean only a few hours, 'Now that the 
thing has been done," says a commentator, 'aad we see how 
it has been done, it may always be said that tiie difficulty had 
not been overestimated. It has been overcome by uieo who 
thought the achievement not impossible, but exceedingly 
difficult. They could measure the difficulty and adapt theiF 
means. They cannot even Lie called lucky, as having met with 
Sue weather, or happened to hit on the right spotj for they 
had radier more than tlieir share of gales, dead calms, fogs, 
drifting currents, accidental failures, drawing of splices, miles of 
rope lost, twisting of grapnel flukes, breaking of strands, and 
noiseless shpping of the cable out of grasp. The means were 
in proportion to the end, and were only just sufficient Here 
was the largest ship ever huilt, and it was aided by three ships, 
oae of thcra the Terribk, which once ranked high in the navy, 
and was to be the conqueror in many a sea-duel, but has lived 
to do better service, though not to fuliil the promise of its name. 
The grapnel ropes were several miles long, and made to stand 
the strain of many tons, exactly measured by the dj-namometer. 
There were first-rate seamen, first-rate electricians, first-rate 
engineers, first-rate cable men, witli every possible appliance. 
There were enormous iron buoys, ready to be dropped instantly 
to mark a spot, or to hold tlie bight of the cable, if it should be 
caught. The cable was caught some half-dozen times, only to 
slip, to break the tackle, or to be itself broken. , , . , Who can 
say that the task was found a bit less difficult than had been 
supposed, when he attempts to realise this struggle with known 
and unknown difficulties?' 

There was much done on this 2d of September to make the 
success of the enterprise known to the world. In the testing- 
room of tlie Great Easlem were assembled Mr "VVilloughby 
Smith, Mr Gooch, Mr Cyrus Field, Captain Hamilton, Mr 
Canning, Mr Chfford, Professor Thomson, Mr Deane, and 
others, to see whether a message coiild be at once sent tlirongh 
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the cable to Valentla, where the othei end of it was connected 
with signalling instniments. The very first trial was a triumph; 
Valentia responded instantly; Mr Canning sent a tckgram to 
Mr Glass, tp which Mr GIeLss responded, e^ich congratulating the 
other that the cable of 1S65 had been made to speat Then 
did the Great Eastern telegraph to London through Valentia, 
and London to the Great Eastern by the reverse route; and 
Valentia with Heart's Content through the 186& cable, and 
Heart's Content witJi the Greal Eastern through l»oth cables, 
the junction of which was at Valentia. The mighty ship being 
at sea, and having no cable communication with Heart's Con- 
teal, could orJy talk with that place by the intervcution of 
Valentia. The news of the success was known in London on 
the same morning the success was itself achieved — not the least 
among the wonders of this exciting day. 

Thencefonvard, all proceeded well and easily. As soon as the 
soundness of the '65 cable was ascertained, the sea-end of it 
was spliced to the end of a new portion of cable in the main 
tank of the Grmt Eastern^ the pick-up machinery was changed 
to a payingout action, and the ship steamed again westward 
towards Heart's Content, suhmerging the new portion of cable 
as she went Me&sages ran to and fro almost without ceasing, 
for mere gossip as well as for business- — through the '65 cable 
between the Great Eastern and Valentia, and through that of 
'56 between Valentia and Newfoundland. The sea n'as rough, 
the current strong, and the officers were called upon to observe 
just as much caution as ever in sinking the cable, They ran 
117 miles by noon On the 3d, log tmiles On the 4th, and 126 on 
the slh; no stoppages being necessaiy, they did iig and 13,5 
miles on tlie 6th and ytli. They passed over the greatest depth 
on the 3d, no less than. 2424 fathoms, or 14,544 feet! The 
position of the splice, the junction between the old cable and 
Uie new, was in kt- 51° 56' N., long. 36° 13'' W,; and there, 
down 1950 fathoms below the surface of tlie water, the splice 
quietly lies, for Tritons and sea-n>inphs to wonder at On the 
6tlii, a message came from tlie New York Chamber of Commerce, 
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rtd Nevrfoundland and Ireland, lequesting Uie pleasure of 'x 
Uiik' with the Great Ensta-n; and a coogratuktory telegram Qf 
127 words was at once sent by the same remarkably circuitous 
route, Ihouglj, of course, ia a. reverse direction. On the morning 
of the 8th of September, the majestic ship entered Trinity Bay, 
Newfoundland, and steamed on towards Heart's Content, receiv- 
ing greetings from the Terrible, the Medwdy, llie Margantta 
Stevenson, the Li/y, die Hatt'k, and other vessels there assembled. 
It was at 2.20 P.M., Greenwich time, or 10.45 -A-W., ship's 
time,* that the engines were stopped; the oceae-cable was 
spliced to the thick shore-cable, and the Medway, aided by 
the boats of the Terrible^ submerged the thick cable through 
the remaining short distance to the beach. 

How the electricians congratulated ihe naval officers, and tiie 
engineers congratulated the directors, and the Govemot and 
Bishop of Newfoundland congratulated the whole of them, may 
well be imagined. Mr Gooch sent a telegram to Lord Stanley; 
London soon heard the news ; and the shares bounded- np in 
the market with great rapidity. 

The 9th of September was the day on which the Great Easiem, 
having so worthily fulfilled her allotted taslf, turned her prow 
eastward, for the return to England. On the same day the 
Medtvay took Mr Cyrus Field westward, to lay the new cable 
from Cape Ray to Cape North— a necessary condition to the 
efficient intercommunication with tlie mainlaad of America. 



* Mr Willough'by Smith ailerwards pleasantly adverted to tLis matter of 
time aud JoHgitude. 'Diiriag a fortnight of the laying of the uew cable lliere 
were some dull moments ; liut wo hail aftenvards moments of pleasure ; for 
when twdve [fifteen?] hilndred miles from London, we weie enabled to read 
metropoIiilBB. news tefore the London people themselves, in cninsec|uene*i- o£ 
the differeQce of time. We knew at the blotk whieh took place at the; 
Cannon Street Station, snd other matters, almost bi^are, or, at oU events, u 
SDOQ OS the people of London themselves, although wc were on hoard the 
Great Eastern in She middle of the Atlantic.' The gist oF this anecdote lies 
in the iact, that the opening' of the Cannon SJreet Slation, nnd the recovery 
^the Ocean-end of the cible of rS6j, took place on the same day — the 1st 
of September 1S66. 
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It was right that, at a banquet given to the heroes of the 
Atlantic Telegraph at Liverpool in October 1866, the Prime 
Minister should be able to announce that the Queen had 
3jes.towetl a baronetcy on Mr Gooch, and knighthood on 
Captain Anderson, Mr Canning, Professor Thomson, and 
Mr Glass. Sui^h honoure may not be very scientific, but they 
were richly deserved. 

Professor {now Sir W.) Thomson^ at another hinquet given 
by the Lord Mayor on October 30, made soine excellent 
observations on the scLenttfic aspects of the great cable-laying 
achievement; pointing out thai, however right it may be that 
science should receive adequate pecuniary reward, science 
should nevertheless be pursued for its own sake — certain of 
a favourable result to mantind some time or other. ' Unless 
men of science pursue their studies out of a pure love of know- 
ledge, or from an abstract desire to become acquainted with 
the la\vs of nature, they will seldom carry on their labours with 
success ; but, at the same time, no greater reward could crown, 
their investigations than when, as in the case of electric tele- 
grapliy, they are the means of conferring a practical service on 
mankind, the value and importance of whicli are admitted on 
all hands. The history of many of the most important dis- 
coveries shews that they were the result of investigations can-ied 
on from a pure love of science, and a desire to increase our 
acquaintance with the mysterious powers of nature. W^ho 
could have supposed lliat the years which Stephen Grey spent 
in discovctitig and defining the law of electrical conductivily 
as a distinct property of nature, would lead to a. discovery by 
which the most distant nations of the earth would be biought 
into immediate communication with each other, and which 
would be celebrated in the middle of tlie nineteenth century 
by the representatives of the wealth and commerce of the 
Eng]i3h metropolis? Or who would have supposed that the 
discovery of the relation between the laws of electricity and 
piagnetism — or that Faraday's investigations into the properties 
of matter in reference to electricity, and his announcement that 
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gutta percha was the best insulator — would have borne rapid 
fruit in tlie tliousands of miles of electric ca.ble which are now 
the means of conveJ^ng intelligence to and from every portion 
of tlie globe? My only object ia these remarks is to point out 
that science, to be true to itself, must be followed for its own 
sake, and that aJl the most important services it has rendered 
to mankind have been the result of arduous investigations, 
carried on by men animated with the hope of no other reward 
than that which awaits every sincere and industrious student of 
nature.' 
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5 XV. OTHER ATLANTIC CABLE PROJECTS. 

The future of electro-telegraphy is now pretty- well defined in 
its general character, if not in its topographical details. Every 
country, unless very low doftn in civilisation, is gradually spreading 
a net-work of ivires over the land 3 every ocean and sea, unless 
far removed from the routes of daily commerce, is gradually 
receiving telegraphic cables in its waters. Those nations which 
have done much, will still do more; those which have hitherto 
achieved nothing will, one by one, enter the list of competitors 
for the advantages of rapid communication ; while improvements 
in cable-making and submersion, and in the construction and 
management of electro-magnetic apparatus, may very fairly be 
looked forward to. 

One large class of undertakings to which a good deal of 
attention has been paid, has for its object to obtain, 3 new route 
from Europe to America by a series of comparatively short cables, 
instead of one cable of greater length. Wlien the success of tlie 
great works (just described) in iS56 could not have been safely 
predicted, many projectors came forward with schemes for 
spanning the Atlantic by other routes. Maps and charts were 
studied, to see what points of land might possibly be utilised as 
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(esting-^ots for a cable, thereby obviating the ds.ngeis incident 
to very long cables. 

Among the various projects introduced for this purpose is an 
ambitious pLaa for bmig;Lng iato use the inhospitable regions 
of Iceland and Greenlai^d. It is known as the Grand North 
Atlantic Tdtgrapk. The idea grew out of circumstances con- 
nected ivilli one of the Scandiiiiivian governments; but it look 
a definite form in 1866. According to this plan, a telegrapli 
will be laid down from Scotland to Canada in several sections, 
taking the icy regions in its -^d-j oti account of certain islands to 
be found there, which would serve as so many re&ting-paints. 
The cables would extend 250 miles from Thurso to the Faroe 
Islands, 240 from Faroe to Iceland, 743 from Iceland to Green- 
land, 507 Irom Greenland across Davis' Strait to Labrador, and 
210 from Liibfiidor to the confines of Canada — 1950 miles in 
all. It is asserted by the projectors that the advantage of 
having several short cables instead of one long one, would more 
than counterbalance any other difficulties ihat may be encoun- 
tered. The maximum depths to which the four chief portions 
of submarine cable would sink are believed to be 254, 6S3, 
l55o^ and 2032 fadioms respectively. Sir Leopold M'CHntock, 
Captain Allen Young, Dr Kink, Captain Sherard Osborne, and 
other experienced men, have expressed an opinion that, formid- 
able as the difficulties may be in laying and working the cable on 
ice-bound coasts, they are not insuperable. The idea of such a 
route is at least as old as the year 1852, when a scheme to that 
effect was brouglit under the notice of the Danish govern- 
ment, by Mr Wyld, the geographer. In 1854, Colonel 
Schiiffer obtained a concession for such a telegraphic route, 
begiauing from Denmark instead of Scotland, In 1859, two 
companies formed by thesp two gentlemen struggled with 
each other regarding their alleged privileges, and paralysed 
the exertions of both. At length, in 1865, the Wyld party 
vanquished the Sdiaffer party, and obtained very extensive 
telegraphic pri\'ilegcs in the Danish dominions, which form the 
basis of the ' North Atlantic' scheme. The company presented 
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a glowing. prospective picture of half a millioTi sterlitig annual 
net profit. Whether tlie telegraphing would be tedious through 
so msjiy stations; whether the stations would be too expensive- 
to maintain in lonely places where there is little or no trade ; 
whether the icebergs of Davis' Strait could be safely encoun- 
tered ; whether the accidents would be very numerous, and 
the meaDS of repairing them very precarious — are questions. 
which no ODe can yet solve. 

Anotlier scheme is the South Adardic Tdtgraph^ to start from 
the shores of South-western Europe at Cadiz, and proceed theace 
Liy sections of submarine cable to the Caaaiy Islands, Ca-pe de 
Verd Islands, St Paul and St Ferdinand Islani^s,, Brazil, British 
Guiana, some of the West India Islands, to the United States. 
As neither the beginning nor the end of this line would be in 
Sritish dominions, it has found very little favour with the public. 

A tliird of the new schemes is AHaiis Transa/Iaiific Tele- 
grap?i. This would comprise a cable from Falmouth to Oporto 
— 6do miles; anotlier frgm Oporto to the Azores— 900 miles; 
and a third from the Azores to Halifax — 1400 miles. It is 
contended tliat lliese cables, besides a trade between England 
and Americaj would bring Portugal and the south-west of Europe 
within reach of similar advantages. Indeed, so bright is flie 
prospect claimed to be, that two lines of cable would, according 
to the hypothesis, be required to convey the enormous number of 
messages that would offer. In connection with this scheme 
there is a proposal for using 2 new kind of cable, lighter aod 
less costly than those which have been used on the Valentia and 
Newfoyndland line. Mr Allan, contends that, below a certain 
depth of water, an externa! sheath of wire is not needed ; that 
such a sheath becomes an evil on account of its weight, bulk, 
cost of freight, difficulty of paying out, and difficulty of repair; 
and that the strength should rather be in the inside^ to enable it 
to beai the principal strain. His proposed cable, in accordance 
with these views, would have small steel wires within the insu- 
lator, coiled round the copper conductor; then the gutta-percha 
insulator; and outside all a sheathing of tarred hempen tapt 
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Lighter, snia.Mer, cheaper, liaadior, s'lvifter in transmission — Mr 

Allan's cable has indeed much to Jo to justify these encomiums, 
against the counter-opinions of the older Atlantic electricians. 

Another scheme is of I'reach origin— to start from Cape 
St "Vincent in Portugal, and submerge: successive portions of 
cable to the Canary Islands, Cape de Verd Islands, SenegaJ, 
Brazil, West India Islands, and United States. Land-telegraphs 
at the several islands and coasts would enable tbe submarine 
portions to be made shorter, and would, at the same tioie, 
develop new sources of trade. 

The past history of electro-telegraphy has been too grand, too 
wonderful, to warrant any prediction of failure or impossibility 
in such schemes as the above. Practical science has so often 
put to shame the foretelliDgs of those who dwell too implicitly on 
deductions from theoretical formulie, that we must leave the 
future to tell its own tale as to the reliabiUty of cable-projects. 
A striking proof of the vast powers, of the whole system was 
afForded by one of the cheap London newspapers at the end of 
October 1S66. A speech made by Mr Bright at Dublin was 
not ended until eleven o'clock on the evening of the 30th; it 
was transmitted word by word, or indeed letter by tetter, 
through die Anglo-Irish cable, fi-om Dublin to Holyliead, and 
thence by land-wires to London ; the transmission ended at three 
o'doclc iu the morning of the 31st; and the report filled four 
columns of that day's issue of the Daily Td/^rapk. This was 
said to be the longest telegram ever sent through a sul^maiiae 
cable. 
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Anuals of Telegrapliy &om 1815 to 1666. 

As the practical adoption of electric and magnetic agency m 
lelegraphy was not reduced to a systeiit until about thirty years 
back, it may be usefuJ to give the dates of some of the scientific 
discoveries and inventions which rendered such a system 
possible. A few of tlie more prominent matters only need be 
mentioned here. 



tSi5. Sir Home Popham's semaphoTe adopted by the AdmirtilLy. 

I Si 6. KoQsMs worked ei^ht miles of lelegraphie wire "by ekctriEity, 

1S17. nansieen publisliKd his researclies on. the magnctiini of llie earlli. 

iSlS. Xighl 5«mapliores, for LsmJ Pud sea, introiuced. 

rSig, Oersted dlicui'eTed the action of electric currents an magnetic needle. 

iSla AmpErc suggested Ihe possible applicalion of Oersted's discoveiy to 

tricgraphy. — Scliweiggcr's galvanometer invented. 
1821. ArapSre esEfihllhhed the lawi. of electro- rairgiic tic acticra. 
lSz2; Hccbeck discovered thermo-electricity. 
1823, Konalds praposed to the AdmiraJty the adoption of as electric 

telegraph, for government purposes, 
1825. Becqucrcl ascertained the cleclric conductivity of Tarious metals. 
j82J. Sir .Snow Harris discovered inductive action of magnets on soft iron. 
182K. Siherian magnetic pole discovered by HmstCEn, 
l8jo. faradny cominenced researches on current induclion. 
1831, Korlh American magnetic po-le ascertained liy Sir J. C. Ross. 
1S31. Harlow's researches on the electric origin of the earth's magnetism. 
18-33. Faraday's law of electro- chemical action nnnounced. — Gauss and 

Weber worked a short electric wire at Gattingen. 
i83j^ Wheatstone asceriained velocity ofeleetrii: current. 
-1835. Jaeobi's ma^eto- electric ina.chine invunted. 
1836. Daniell's constant galvanic battery introduced. 
1S37. Cooke aiii WheaiBtone, Steinlieil, and Morse brought forward thdr 

ficsl electric telegraphs. 
1S3S. Successive improvements made aad adopted by the abovc-njuned 

ittventora. 
1839. Morse proposed the dcleiuLin^tion of longitudes by the electric 

lel^raph. 
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1841^ First commercial -use of clccfric tdegiaphs on railways. — ISam'a 

telegraph clock. 
1S41. Wlieatalone's step-by-step Celegntph <iial. — Smee's galvanic baLtery. 
1843. Submarine telegraph ejtperimeiits on the Serpentine,— Tel egniphs on 

many chief lines of railway. 

1843. Printing tulcgraplis first introdaceA — ^First American electric tel^rapfii 

WasJiiD£t!Hi to Baltimore. 

1844. Telegrams outrantiiftg the sun, in longitude— Military orders sent hy 

telegni[jh in Americn. 

1845. A raufderer captured bytdegraph. — Electiic telegraphs conunenced ia 

FiYLnce. — First ncwsps-per telegiartis. 

1846. Electric Telegraph Company fomoed — First submaiine cable, PorL> 

moHth. harbour. 

1847. Last year of old semaphore sj'stem. — A telegtiim of 33,000 siaxAt in 

American newspapers. 
184S, Fii^t year of Admiralty electric telegrapL^Wires extend from 

Canadinn lakes to Gulf DCMeiicD. 
(849, Electric telegraphs begun in Belg^ium. — American newspapcr-cjtprcM 

aysteroj by steamers, trains, and tdegrams. 
1S50. Underground idegmpliic system adopted in A us trin.— Telegraphic 

union in Giirmaciy. — First telagrain Sashed from London to Paris. 
1851. British Telegraph Company formed,— Weather telegrams at the Great 

Exhibition. — iz.ocx) miles of wire in use in Anierico. 
lSj2, A cannon at Dublin lircd from Holyhead by submarine cable — Stale 

of the poll at genera.! election tdegraplied to government from all 

parts of England, — Wires carried over tlie Alps. — Electric time- 

ballin the Strund. 

1853. First submarine cable to Beleium and lluUand. — Reutet'a tel-egrnnis 

organised.— Telegraphs begun in Lidia. 

1854. FormaEion of first Atlantic Telegraph Company in AmEriea.^20,Q00 

miles of electric wire in United. Kingdom. 
1853. Crimean submarine cables at ivorlc — Death of the F-niperor Niclidhis 

at St I'etersbui^ ajiiiounced iu the House of Lords the same 

CTening. 
185G. English Atlantic Telegraph Company formed. — British- American 

colonics linked by short cables. 
]8j7. Failure of first attempt to lay Atlantic cable. — First telegram from 

Europe to Africa {Prince to Algeria), — SubiTnirlne cable, Sicily to 

Ionium Islands 
1858. T-eEnporarysuccess of Atlantic cable. — Overhousc telegraphs established 
I in Londou. — New cablea from England to HoUsLud, lianoTcr, and 

V Jersey. 



322 Telegraphs. 

1859. First tel^ram through Red Sea cable.— Cable submerged from 

Australia to Tasmania. 
l8Ca IndJaa Ocean cable submeiged. — Spain linked to Majorca and 

Minorca by telegraph. 

1861. First tel^ram from England to Egypt. — Uniform shilling telegrams 

established by United Kingdom Telegraph Company.- — 100,000 
miles of telegraph in Europe. 

1862. Cable from South Wales to the South of Ireland.— 2oc^ 000 miles of 

telegraph in the world. ' 

1863. Electric agnals adopted for work mg Underground Raihvay. — United 

Stales anny employed electric wires on the field of battle. 

1864. Persian Gulf cable submerged- — A new Atlantic cable manufactured. 

1865. Third failure of Atlantic cable, — First telegram from London to India 

by Persian Gulf route. — First telegram across America, Atlantic 
to Pacific. 

1866. Successful laying of two Atlantic cables. — Siberian and Behring's 

Strait wires and cable in prc^ess. 
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